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Before I give the results of these experiments it will be necessary 
to describe the methods used. 


I. ON THE METHODS OF DETERMINING STATIC 
CONTRACTION, 


I used Loeb’s dynamograph (Fig. 1), designed for this special in- 
vestigation. The subject grasps the handle, braces the palm of the 
hand against the post, then pulls as shown in the drawit 


1g. 


ill 


FIGURE I 


The force of the hand works against the elasticity of a steel bar 
attached to a movable axle which has a lever. The axle, bar, and 
lever are all in one piece, which is held by steel screw points. The 
steel bar rests against a wedge. The length of the part strained can 
be varied by moving the wedge to any place on the scale. 

Fig. 2 is a drawing of the steel wedge and awle. Che distance 
between the handle and the post can be adjusted to hands of differ 
ent sizes. This distance is kept constant for the same subject. As 
the bar bends, the axle turns and the lever is raised. 

Phe dynamometer was calibrated by suspending weights to the 
hooks on the axle, the force being directed by a pulley, in the direc 

tion in which the 


pull is made. Che 
height to which the 
lever was raised for 


each additional kilo- 


gram was traced on 


FIGURE 2. 


the smoked drum of 


akymograph. In this manner a scale was made by which every kilo 


gram of force applied to the dynamometer could be measured directly. 


J 
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The static contraction is a contraction caused by a constant inner 
vation. The subject grasped the handle of the dynamometer and 
gave a constant maximum innervation to the muscles of the hands 


until the beginning of fatigue was felt, a curve being traced on the 


revolving cylinder. A time-marker connected with a second’s pen 
dulum registered the seconds [he ordinates of the curve represent 
the force; the abscissa, the time. The area, or product of the mean 


ordinate by the number of seconds, expresses the static contraction 
in terms of kilogram-seconds 
Che static work varies as the mean pressure, as the following figures 


show. 


Mean ordin 


The absciss increase as the ordinate decreas he maximum 
static contraction expressed in kilogram-seconds is when the mean 
ordinate in the series is smallest. Yet the static contraction 1 reater 
with the average ordinate at 11.3 than at 4.6 kilogram So thi 


static contraction is not always greatest with the smallest ordinate 


It is a function of both time and forc: 


The chief source of error in obtaining the maximum constant in 
nervation is lack of attention. Thi hiehtest distraction show 
corresponding decrease in the height of the ordinate With some 
subjects, the maximum innervation is not n unt ifter several 
trials, although the subject may think so in the first. trial In all 
cases the second curve is a little higher than the first Phe tonu 
of the muscle is increased slightly by exercis 

I observed that, whenever the maximum innervation was given to 
the hand, several groups of muscle vere innervated at. th ume 


time 
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TABLE I 


RIGHI 


Innervation 


of one hand 


aione 


mm 


HAND 


Innervation 
of both 


hands 


mm. 


LEF! 


Innervation 
of one hand 
alone 


5 kilos 


U 


mim, 


HAND 


Inne 
ot 
h 


rvation 


inds 


mm 


27.0 kilos 25.5 kilos 25 26.0 kilos 
29.0 290 ?4 25.5 
26.0 } 25.0 25.8 25.0 
27.0 27.0 28.0 5) 
{| 24.0 | 26.5 23.0 25.0 
| 
| 
? »? ) 
2.0 240 22.0 2+.0 
| 
| 24.5 27.0 21.0 22.5 
ee 28.0 23.0 24.0 
| 
27.0 26.0 26.0 21.0 
22.0 24.0 22.0 24.0 
24.9 25.8 22.8 23.1 
19.0 22.0 23.0 23.0 
23.0 26.0 22.0 23.0 
a: 4 23.0 22.5 22.0 20.0 
23.0 25.0 25.0 21.0 
23.0 22.0 21.0 22.0 
Mean 22.2 23.5 22.8 23.1 
23.2 23.8 23.5 24.3 
| 25.5 27.3 22.3 23.6 
De |< 24.7 25.1 23.0 22.2 
| 25.0 26.0 26.3 22.6 
| 
23.0 24.1 22.0 25.5 
Mean 24.2 25.2 23.4 23.6 
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cles at the same time. <A child innervates several groups of muscles 
in his first attempts to use one set of muscles. All control seems to 
depend on inhibition impulses. 


I]. DETERMINATION OF THE CONSTANT OF ATTENTION FOR 
VARIOUS MENTAL ACTIVITIES. 


The maximum static innervation of the hand is arbitrarily selected 
here as a measure of other voluntary activities simultaneously at 
tempted. I do not mean that a muscular equivalent of mental 
activity can be determined in the sense in which we determine the 
mechanical equivalent of heat. Loeb found that the maximum force 
of the hand decreased in proportion to mental work. The decrease 
of muscular force during mental activity may be due to an act of 
inhibition of innervations, or may be a result of a division of the 
constant innervation energy between two simultaneous activities, but 
in cither case the relation of the decrease to the intensity of mental 
activity is primarily a function of attention. There can, however, b« 
no adequate explanation of attention while so little is known of the 
physiology of the elements inthe nerve centres. Therefore I shall not 
attempt to explain these facts, but | hope to contribute something to 
the physiology of attention. 

In order to obtain the maximum static contraction curve, the con- 
stant undivided attention is necessary, and, if the clement of fatigue 
does not enter in, the innervation will depend upon the concentration 
of attention. Therefore, according to Loeb, the ratio of the decreas« 
in the maximum constant muscular innervation accompanied by a 
mental activity, to the original maximum constant innervation alone, 
gives the constant of attention for any given time. The determina- 
tion of the constant of attention for various kinds of mental work, 
affords a method of comparing the degree of concentration of atten 
tion required in different kinds of activity. 

If / equals the force of the hand at any given second, in the 
maximum static curve, f, the force of the hand at the same time 
when accompanied by mental activity, then the constant of attention, 


A. Constant of Attention in Registration of Rhythmical Motions 


A 


1. In each experiment three curves are traced. Thus, curves (1) and 


(3) in Fig. 3 are maximum static curves, the former recorded at the be- 


ginning, the latter at the end of the experiment. Curve (2) records 
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the attempt to give a constant muscular innervation to the hand 


observing with the eye the vibration of a second’s pendulum, and 


registering cach time the bulb reaches its maximum amplitude on 
either side of the centre It is at this moment of maximum amp! 
tude that the electric connection ts made in the pendulum, and 
time-marker records a second. If the tracings of the pen and th 

of the time-marker coincide, the observations are accurately recorded 
showing good attention on the part of the observer. In | 3 (2) 


the subject begins the mental work first, and then attempts thi 
cular, while the attention on the observation and_ registration 
continued. 

The pneumatic pen of Marey’s tambour registered cach observ: 


tion. Two closed rubber tubes connected with the tambour by a 


glass T-tube. The pneumatic pen recorded cach time the rubber 
tube was pressed. The lever of the dynamometer, the time-marker, 
and the pen were arranged in the same vertical line at the beginnin; 


of each experiment. 


The second maximum static curve (Fig. 3, (3)) was traced to 
make sure that the decrease in the preceding curve Was not due to 
fatigue. Each curve was continued until the subject was cons 
of the beginning of fatigue; a period of rest was then allowed 
Kvery precaution was taken to eliminate fatigue 

I have given in the following tables the results of the last. ten 
experiments with each hand, recorded in Fig. 3. The first exp: 
ments gave very irregular results, but after a little practice, | could 
register observations and pull the dynamometer at the same n 
much more accurately 

In these tables, four constants, obtained by ubstitutin ordinate 
represent the force for the given time. In the formula for t 
stant of attention, A ps for the value of 7’, the m 


corresponding ordinates in curves (1) and (3), i d; fe 
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—— 
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p, the ordinates of curve (2), corresponding to the same second as 
those taken in (1) and (3), are employed. 

If the attention were constant in each experiment, the ordinat 
would be the same for cach second and the curves would be a straight 
line. Since there are fluctuations of attention in each experiment 
1 have measured the constant for the beginning, the end, at ten 

econds, and for the mean of the ordinates at the several times Ph 
maximum ordinate in curve (2) is often higher because the attention 
turned from the mental work when beginning to pull the 


+} 


mometer; at the end, the minimum ordinate may be lower than 
necessary in order to do the registering accurately Phe ten-second 
onstant is freer from this error, and, in most cases, is nearer tl 
mean constant 

It should be remarked that where there is inaccuracy in the r 


ration of the vibrations of the pendulum, there is a correspondin 


nerease in the muscular effect. Sometimes, when the subject begin 
the muscular work after beginning the registration, the lever of 1 
Ilvnamometer will reach nearly its maximum for a second or t 
then drop suddenly as the mental work is begun accurately In 
beginners in these experiments, thet either a rapid oscillation 
from one kind of work to another or the innervations given 1 
istering hand are transmitted to the pulling hand, as the Ip 
we periodically summed. Probably both luen re felt 
In Table II] (a) I have given the result of ten experiments p 
formed upon myself after | had had some practice in experimentin 


FIGURE 4. 


All the curves obtained by the left hand during registration are much 
more regular than those obtained by the right hand; compare Fig. 4 


These irregularities are due, probably, to a summation of stimuli 


Pable IT] (2) gives the results obtained from different subjects 
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The 


on pressing the rubber tube with the left hand Phe stim n tl 
rhythmical recording do not pass to the left hand so readily wh 
the right hand is recording, but when the left hand re“ | 


the rhythmical impulses pass to the right hand as readily as to the left 


Physiologically, it is not known why the stimu cem to pass with 


t ) 

te 
| 1] 

if 
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less resistance along the course most used. In one curve (Fig. 5 (2)), 
the summation is nearly regular for every five seconds. These irregu 
larities are very marked with most beginners. In some cases the 
hand on the dynamograph follows the rhythm of the pressing of the 
rubber tube. There was a tendency for the one registering to press 
harder in the attempt to keep the force of the dynamograph constant. 
The other subjects always used the right hand, so I think there 
would be this difference in two hands in most cases. I experimented 
most with No. 3 (see Table III), nine times—and the ten-second 
and mean constant of that subject is nearer that of my own. I 
should expect, however, to find as much difference in this constant 
for different persons as in the time reaction. I have given one sub- 


ject the same number in all the series of experiments. 


FIGURE 5. 


2. The next series of experiments is like the preceding, varied 
only by pressing alternately two tubes in registering the observations. 
It required somewhat greater effort of attention in keeping the hand 
alternating from one tube to the other, and registering at the same 
time, as shown in curve (2), Fig. 5, when compared with (2) of 
Fig. 

Comparing these constants of attention with the corresponding 
ones of the first registration, the latter are without exception mark 
edly higher, both in experiments made upon myself and upon others 
It may be interesting to note that in spite of the great difference in 
the maximum ordinate of the six subjects, three of the mean con 
stants are .42, one .41, and one .34. 

The same errors, and consequently the same irregularities, ap- 
peared in these curves as in the former ones; namely, those irregu 


larities caused by the oscillation of attention from one activity to the 


other, or by the periodical summation of innervations from the 


(1) 
: 
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PABLE IV 


Ordinates at 


ten sec 


rhythmical pressing with the other hand. The latter irregularity 
more marked in these experiments than in the first on t a 
peared with the right hand pulling the dynamomete: n the ot 
series Probably sufficient practice would climinate t] 


I determined whether the constants in 1 terin vy ft 
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be less if the observations of the vibrations were made 


by listening to the ticking of the pendulum rather than by visual 


observation 


FIGURE 


6 


Friction Machine 


rABLE V 


Phe constants 


are ICSS n tudil 


tory observation 


than in visual, 


when the right hand only is used, but 
about the same when the left hand 
is used for the dynamometer. Phi 
mean ordinate is .28 with the right 
hand, and .38 with the left hand \ll 


of the constants of cach hand shovy 
about this same ditferenc: Most of 
the constants obtained with the left 
hand have shown less variation than 


those of the rig 


ht hand, and have 
averaged less in all of the former ex 
periments. Not being able to have 
subjects for a sufficiently long time 
to make these experiments with both 
hands, I cannot say whether this dif 
ference in the two hands is common 
to most subjects, or simply peculiar 


to the one subject alone. 


HaANt Lerr HAN! 
/ 
i 
Mean Max 0.4 0.26 17.1 0.35 
10s 17.0 0.29 3.5 14.4 0.3 
% 144 () Is 5 114 O44 
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4. I combined muscular eftort with the registration by subst 
ine a friction machine for the tambour. | 
(lig. 6) consists of a wheel and axle to which is attached a nt 
vertical rod carrying a long lever. At cach revolution of th 
the rod moves up and down and the lever traces an harmonic « 
The subject.turned the wheel one half of a revolution at cach ob 


vation. Under the wheel is a brake block, which can b 


raised by a thumb screw The brake block is supported on a 


stiff, steel spring, and the closer the brake block 11 
the wheel, the greater the number of units of friction 
tween the two through the elasticity of the sprin 
I have given the constants obtained by taking the mean of 
experiments with each hand when the friction w I, §; and 


indicated by the scale beside the brake block 


The constants are greater than in the previous experimen 


there is no friction, but as / increases, the constants decrea 


rABLE VI 
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decrease in the constants depends upon the increase in the innerva- 
tion of the recording hand in order to overcome the resistance of the 
wheel. This is the same phenomenon mentioned before: namely, 
that the effect in the hand pulling the dynamometer is greater if the 
same muscles in the other hand are innervated at the same time. 
P—p 

Therefore, in A > ,f increases with /, hence A decreases when 
/* increases. 

One observes the same difference in the constants of the two hands 
even in a more marked degree in this set of experiments. The im- 
pulses passing to the left hand in overcoming friction in turning the 
wheel affect the right hand more while that hand is pulling the 
dynamograph than when the left hand is pulling. Therefore the con- 
stants for the right hand are much less than those for the left. 


5. Constant of Attention in the Observation of Coincidence of Two 
Vibrating Pendulums. — The second pendulum and the pendulum of a 
metronome were set vibrating in different periods of time. A lever 
recorded the vibration of the metronome. The metronome pendulum 
was lengthened and marked with red, and so placed in relation to the 
second pendulum that the tracings of both would show coincidence 
at the same time that the coincidence could be seen by the observer. 
When the subject observed the coincidence he pressed a rubber tube 
of Marey’s tambour. All the levers being arranged in the same 
vertical line at the beginning, the tracings show whether the observa 
tions were accurate. 

I vive the results of three sets of experiments made in different 


ways: (a) the observation was made by the eye directly; (4) the 


subject looked through a small dark tube which shut off most of th 


visual field except at the place of coincidence; (c) every fifth vibra 
tion of the metronome, and every second vibration of the second 
pendulum were registered. Five experiments were made with both 
hands in each case. 

I found it very difficult to register accurately and to pull th 
dynamometer even after some practice; none of the first (a) series 
Was accurate Most of the next series (4) were nearly accurate. It 
Was casicr to see the coincidence through the tube, although it re 
quired greater effort in accommodating the eye to the tube. Probably 
this may be the reason that the constants are somewhat higher 


in (0) 
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In the last series (c) the mental effort of memory, as 
of observation, was involved for the first time It required the 
est effort of attention to remember the counts of both pendulum 
do any muscular work at all. In nearly all the experiment 
vibration of one of the pendulums would be registered accurate! 
and that of the other registered irregularly Phere was more r 


ity in the form of the curves and less difference in the result 


two hands in all of these experiments than in the former on 


if 
\ 
rABLE VII 
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C. Determination of the Constant of Attention in Reckoning. 
When reckoning, I found myself whispering each step in the process, 
and the harder [ pulled the dynamometer, the greater was the ten 
dency to whisper, and the greater the effort to remember. The whis- 
pering and the writing of the results produced great irregularities in 
the curves. I finally obtained constants from two series of five 
experiments each, for both hands. In the first (@) I performed 
multiplication of the numbers from 12 to 20, as 14 X 13, 14 15, 
etc., in every combination, until I was conscious of the beginning of 
fatigue. The second series (6) was done in the same way, with 
numbers from 20 to 30. In both series, the eyes were closed, there 
was no whispering, and the results were recorded from memory after 
each experiment. Then I tried to eliminate all the effects from other 
muscular impulses, such as whispering, writing, and visual perception. 

Che constants in (¢) were obtained in the same way as those of 


(a) and (4), by multiplying numbers from 60 to 70; also those in 


(@) by simply adding by 12’s, 9's, 8’s, etc. 

I found it required less effort in reckoning if the figures were before 
the eye, and the constants in (¢) were obtained in that way. I could 
not repeat the reckoning in (@) or (2), since the practice with those 
numbers had made it less difficult, so I took the numbers from 
30 to 40. 

The constants in (6) are, on the whole, greater than those in (a), 
especially the mean constant. In the other series they are smaller, 
although the numbers are larger. 

The constants obtained in adding (d@) are considerably smaller, 
as we should expect, as the mental effort is less. 

Although it seeméd much easier to reckon with the eye upon the 
figures and to repeat each process to myself, the constants obtained 
with the right hand are about the same as those in (@), and less with 
the left. The numbers were larger (30-40) but the mental effort 
was about the same. The reason the constants with the left hand are 
smaller in this particular case I cannot explain. In reckoning all of 
the other series the mean constants obtained with the left hand were 
a little higher than those obtained with the right hand. The innerva 
tion of the vocal cords and muscles used in speech must have inter- 
fered with the innervations of the left hand. 

The effort in memory is less with the figures before the eyes, yet 
the attention in observation is another factor which has a much 


‘eater effect on attention than one realizes. 
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I). Constant of Attention in Reading and Writing.—In this series 
I determined the constants with the right hand alone. I read an 
article not very difficult to comprehend from a sociological journal, 
and determined the constants as before. The following table (a) 
shows that the constants are smaller than those in reckoning. 


rABLIE IX 


In (4) are seen the results of a series of experiments where I used 


all those codrdinated muscles necessary in writing without doing other 
mental work. I made short straight lines, one after another, all 
the time I was pulling the dynamometer. Thus I determined the 
constants for those complex coordinated motions. 

This activity requires about the same degree of attention as that 
in the other two series. The constants for the right hand may be a 
little higher on account of the greater effort in writing with the left 


hand. I observe here, that che greater the muscular effect in pulling 


the dynamometer, the longer the marks, and the harder the other 


Ratio of 
Subject N ae Max. 4 10 set 1 Min. 4 Mean A 
24 3] +] 
} 65 65 62 64 
14 20 20 22 2 
S 4 13 20 27 20 
10 +O +3 tS +4 
| 
wion of numbers from 60 to 70 
Right Ha Max. 4, 46 10 sec. A, 48 Min. 4, 46 Mean A, .47 
Max. 4. IO s¢ 1 Mit | Mean 4 
Right Hand 34 30 6 4 
‘ 38 30 
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hand would press on the paper in writing. Accordingly the mor 

the subject inhibited such impulses and wrote naturally, the | the 

muscular work done. I believe this explains the lower constants of 

attention obtained from other subjects in this series of experiment ) 
¢ “ants , 


Ix. Constants Varied by Beginning Muscular Activity First In 


the former determinations, the muscular activity was begun while th 
mental activity was going on. By reversing this order I found a 


Loeb had done before that in most cases the corresponding constant 


were markedly less. The difference is more marked in some subject 


than in others, but in all cases the mean constant is less if determined 
by beginning the muscular activity first 

As I mentioned before, among the sources of errors, a subject 
often transfers most of the attention from the mental to the musculat 
work when he first begins to pull the dynamometer, and this is th 
reason the maximum constants are not mor curat 

The effect of the order of the two activities on the constants « 
attention may have some theoretical importan Phe followin 
tables give the constants side by side, obtained under cach condition 
The inhibitory effect of the mental activity upon the muscular r| 
is less when the muscular innervation 1s begun first Hen th 
constant of attention is much I for the same activity, as the tabl 


shi IWS, 


Max. 10 ! M Mea 
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TABLE X. 


Mental Muscular 
act. Ist act. Ist 


Min. A. Mean A 


}? 


Muscular Mental Muscular Mental Muscular 


act. Ist act. Ist act. ist act. Ist act. Ist 
Tr 1 10 sec. A Min. Af Min. A Mean A 


16 


(a) Registration of vibration of pendulum, 2 tubes. 
Muscular Mental Muscular Po Mental 
act. Ist ict. Ist act. Ist ict. Ist 
10 sec. 4 10 sec. A Min. Al Pe Mean A 
kK. 22 +S 33 23 +] 
2) $2 | 30 34 
RK. 34 3S 57 24 +] 
1] +] 7 tS 3] +2 
) Aechonin 
R. H 26 55 ge }? S4 
| H 13 35 14 63 6) 
1) Write 
Rk. H 10 +] 13 10) 0] 35 
L. 25 30 05 6 i4 33 
) R i f } Ai fulum 
Mental 
Subj. No act. Ist 
k. HH 34 34 |_| 32 56 56 
Le $2 10 33 ++ 
(f) ANeckonin 
k. H Z 28 30 20 3] 16 4) | 
10 64 O6 62 25 64 
Ol 20 O06 20 14 27 
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rABLE XI 
Muscular activity a 
| 
Mea N K Mea N 
k tH K 21.2 79 i 
‘ ‘ 15.2 "9 1049-4 145 
10] ISSS.4 13.1 
‘ 24.0 13 312.0 15,0 114 
17.6 7¢ 13374 | j 
10.5 bal ( 
15 11} ) 
(/) | koni 
Right Hand 12.0 130 1560.0 10 
14.5 ( 3.3 173.4 
16.0 115 1840.0 74 109 
17.5 107 1872.5 6.0 12. 
Left Har 10.4 LOS0.4 94 AS 
‘ ‘ 10.8 202 
16.0 7¢ 1216.0 187.0 
148 SS 1302.4 
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II. FATIGUE. 

Iatigue entered incidentally into these experiments, and I will 
give some facts observed. It was found without exception that the 
feeling of muscular fatigue sets in much later when the muscular 
activity is accompanied by mental activity. The difference in time 
was from 15 to 33 per cent. 

Other experiments were conducted in the manner just described, 
but the subject continued the work in all cases until fatigued, instead 
of stopping the moment fatigue began to be felt. 

Table XI gives the static work alone and when accompanied by 
mental work, in kilogram-seconds. 

The tables show that in twelve cases out of fifteen, the static con 
traction in kilogram-seconds is greater during mental activity. Since 
the work done in each case is proportional to the area of the curve, th 
actual muscular work done is the greater when accompanied by mental 
activity. There are two probable causes for this: (1), a lower mean 
ordinate; (2), a higher threshold value for the sensation of fatigue 
during mental work than during muscular activity alone. It is a matter 
of common experience that one does not feel physical fatigue or any 
pain so soon when the attention is given to some one activity. 

he increase in the thresheld value for the perception of fatigue 
would take place whether the origin of fatigue was in the periphery 
or in the central nervous system. If the energy of all the innervation 
from the centres has one common source, the origin of fatigue, in 
these experiments, must be in the periphery; otherwise the mental 
work would be done at the expense of the muscular work; but the 
origin of fatigue is not in the loss of innervation energy in the centre, 


but in the muscle tissue itself. 


IV. CONCLUSION. 


[ will make a brief summary of the quantitative results of my inves- 
tigations by giving a comparative table of the constants of various 


activities arranged in the order of the magnitude of the mean con 


stants. A study of the tables shows that the constant of attention for 
any activity increases with 
1. Iettort of accommodation of the special sense organs. | 


2. Etfort in cobrdination of the muscles. 


3}. Effort of the memory. 
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hand, while the right hand is innervated to pull the dynamometer, ar 
communicated to the right hand and influence the form of the curve 
while innervations to perform rhythmical contractions given to the 
right hand, while the left is pulling the dynamometer, are not trans 
mitted, or, at least, are transmitted much less markedly to the lett 
hand. Whatever be the physiological explanation, frequent repeti 
tion climinates this difference in the two hands 

After a certain amount of practice, and with care to have like con 
ditions in every case, I believe that the mean constant of attention 
for any mental activity can be determined for every subject with as 
slight variations as the personal equation in time reaction. 

In conclusion, | wish to express my gratitude to Professor Loeb, 
for the kind assistance and the many valuable suggestions that I have 
received from him during the course of my work. My thanks are 
also due to a number of my fellow students who served as subjects 
for experiment. 
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show that the presence of bile in a pancreatic extract containing 
combined salicylic acid may increase somewhat the rate of trypsin- 
proteolysis over that of the acid mixture alone. It was also shown at 
the same time that the addition of bile, even to the extent of 10 per 
cent, to neutral or alkaline pancreatic juice modifies only slightly the 
rate and extent of proteolysis; under some conditions inducing a 
slight stimulation and under other conditions a more marked inhibition 
of proteolysis. It was likewise observed that the deleterious action 
of combined hydrochloric acid upon trypsin-proteolysis was not 
overcome by the addition of bile. A few experiments reported by 
Martin and Williams! have also tended tq indicate that bile and bile 
salts may stimulate somewhat the rate of pancreatic proteolysis. 

A careful survey of the results, and of the conditions under which 
the results were obtained, recorded up to this time, led the writer to 
the conclusion that the addition of bile to a neutral or alkaline pan- 
creatic juice causes but little change in its proteolytic action. Some 
slight stimulation may be produced, but there is no convincing proof 
that this is of constant occurrence or sufficient in degree to possess 
much physiological significance. We have been more inclined to 
the view that while the presence of bile in the intestine may be of 
primary importance for the assimilation of fats, its action upon 
trypsin-proteolysis is chiefly negative; /. ¢., it neither retards not 
stimulates proteolysis to any very great degree, under ordinary con- 
ditions. Recently, however, another paper* bearing on this subject 
has appeared which renders necessary a reconsideration of this ques- 
tion, for the results which the paper presents are so at variance with 
the above conclusions and so out of harmony with generally accepted 
views that some explanation of the apparent divergence must be 
sought. This is all the more necessary from the fact that com- 
paratively few systematic quantitative experiments have been tried. 
We have therefore attempted a thorough study of the subject with a 
view to establishing firmly the nature and extent of the action which 
bile and its constituents exercise upon pancreatic proteolysis. 

In the experiments reported by Rachford and Southgate emphasis 
is laid upon the fact that they were “ planned for the purpose of 
throwing some light on the proteolytic action of pancreatic juice, 
under the conditions which normally exist in the duodenum.” With 
this end in view pure pancreatic juice was obtained from rabbits, 

1 MARTIN and WILLIAMS: Proceedings of the Royal Society, 18go, xlviii, p. 160. 

2 RACHFORD and SOUTHGATE: Medical record, 1895, xIviii, p. 878 
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ditions under which their experiments were carried out approach 
closely those normally existent in the duodenum. Granting that this 
may be so, one ts still inclined after careful scrutiny of the conditions 
prevailing in their experiments to wonder what the ectva/ conditions 
really were. Nowhere is there any mention made of the reaction of 
the fluids employed, nor of the reaction of the resultant mixture when 
bile, hydrochloric acid, and pancreatic juice were combined. To state 
merely that a given digestive mixture was prepared by adding 8 drops 
of pure pancreatic juice, 30 drops of 0.1 per cent hydrochloric acid, 
and 50 drops of a 4 per cent solution of bile leaves one in great doubt 
as to whether the mixture so manufactured was acid, alkaline, or 
neutral, and if acid whether it contained free or only combined acid. 
These are obviously very important clements to know if definite con- 
clusions are to be drawn in explanation of the results. Data of this 
sort, however, are wholly wanting in the paper in question, hence we 
are forced simply to take the results and guess at the actual con 

ditions under which they were obtained. Further, so-called pure pan- 
creatic juice, like the other digestive secretions, is subject to constant 
modification by the character and extent of the stimulation which calls 
it forth, while the character and condition of the semi-digested food 
passing from the stomach into the duodenum, together with the amount 
of free and combined acid, must necessarily lead to variable conditions 
in the duodenum. Add to this the well known variations in the rate 
of flow and composition of the bile, and we may well ask what are the 
conditions which normally prevail in the duodenum? Obviously, we 
cannot make a definite answer within very close limits, for the condi 

tions are bound to be more or less variable. What we have to ascer- 
tain, therefore, is the influence of bile and its constituents upon the 
proteolytic action of the pancreatic juice or its specific enzyme under 
the various conditions which are liable to exist in the upper part of 
the small intestine. This in our judgment can be studied to the best 
advantage by the use of artificial pancreatic juice, or extracts of the 
active gland, where the quantity obtainable will be sufficient to admit 
of comparative experiments under definite conditions. Moreover, 
the artificial pancreatic juice will not be widely different in the charac 

ter of the proteid matter present from the natural secretion employed 
by Rachford and Southgate. Thus, these investigators state that from 


four to six hours were required for about one cubic centimetre of the 


pancreatic juice to flow from the fistula. Plainly, during this interval 


the active proteolytic enzyme present would transform the natural 
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proteids of the juice into peptone, amido-ac 


the transformation would be accomplished in th t t 
Hence in this respect, at least, both fluids must differ from th 
ural secretion normally poured into the intestine 
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were freed from fat and thoroughly dehydrated by 
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tract, 20 grams of the dry tissue were warmed at 4o C. for 24 hour 
200 c.c. of O.1 per cent salicylic acid, the solution strained off, tlt 


through paper, made exactly neutral with sodium carbonate, at 


diluted with water to 1 litre The sodium salicylate formed on 


tralization will serve to prevent putrefaction for short period 


the addition of a little thymol will preserve the 


2, Using Roberts's method,? pancreatic glands 


fat, were ground up with broken glass and soaked in four times tl 
weight of 20 per cent alcohol for 4-5 days with frequent agitat 
The extract was then filtered through paper, yielding a clear, slight 
yellow fluid of strong proteolytic power 

The proteid material used in measuring the relative proteolyt 


power of the mixtures was purified blood fibrin, prepared by soakin 
carefully selected, well-washed fibrin in cold and boiling water unt 
all soluble matter was removed, after which the fibrin thon 
extracted with cold and boiling alcohol and lastly with ether. 1 
friable mass was then ground to a coarse powder and the latter passe 
through a series of sieves so as to bring together part of tl 
same size. It was then dried at 110 C. until of constant t ( 
preserved for use. In some few experiments coagulated « wbumin 


was made use of, in which case the actual content of dry prot 


determined by drying a given weight of the coagulum at tto C. and 


then determining the ash by ignition. 


The character of the bile employed is specified in each experiment 
Phe secretion was always obtained as fresh as possible, and when from 


dogs or cats it was usually obtained through a temporary biliary 


In arranging the experiments cach digestive mixture in a set 
1 KUHNE Untersuchungen aus d physiol Institute, Heidelber I 
2 ROBERTS: On the digestive ferments, etc., The Lumleian Lecture Lo 
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made to contain the same volume of pancreatic juice for each gram of 
dried fibrin — usually 10 or 20 c.c., according to the strength of the 
juice — with a total volume of 50 c.c.; water, bile, bile salts, acid, alkali, 
etc., being added in the proportions necessary to give the percentages 
specified. All the mixtures of a series were placed in the same water- 
bath at go C., all stirred equally, and when digestive action was suf 
ficiently advanced the undigested residues were collected on weighed 
filters, previously dried at 110° C. in glass-stoppered weighing bottles, 
and washed thoroughly with hot water, and lastly with alcohol and 
ether. On drying the papers with their contents at 110° C. until of 
constant weight the proportion of undigested matter was readily ascer- 
tained, from which the relative proteolytic action of the several mix- 
tures was easily calculated. It is hardly necessary to add that all the 
mixtures of a given series were kept at 40° C. for the same length of 


time, usually 2-4 hours, it being our aim to have the proteid material 


in the control mixture digested to the extent of 40-60 per cent. 


Il. INFLUENCE OF FRESH BILE ON THE PROTEOLYTIC ACTION OI 
rHE PANCREATIC ENZYME IN NEUTRAL SOLUTION. 


The following quantitative results show the extent and character of 
the influence exerted by bile from various sources upon neutral solu- 


tions of trypsin. 


Experiment 1. Pig’s bile. Neutral extract of pig’s pancreas. 
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Experiment 8. Dog’s bile. Neutral extract of ox pancreas. 
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Experiment 10, Sheep’s bile. Neutral extract of ox pancreas. 
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Experiment 11. Sheep’s bile. Neutral extract of ox pancreas. 
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In looking through these various experiments it is manifest that 
the addition of fresh bile to a neutral pancreatic extract does not 
give rise to any very great degree of stimulation, 7.¢., the proteid 
digesting power of the enzyme is not markedly increased. Calling 
the digestive power of the control mixture without bile 100, it is rar 
to find the digestive power of the enzyme raised above 108 by ad 
dition of bile. Increased proteolysis, however, is certainly induced 
many times by the addition of bile, and it is somewhat noticeable that 
this increase is obtained more frequently in the presence of large per 
centages — 10-25 per cent — than in the presence of smaller amounts 
Still, in no one of our experiments do we find a confirmation of the 
results reported by Rachford and Southgate, who found on an average 
“that the proteolytic action of pancreatic juice on neutral fibrin was 
increased one-fourth by the addition of bile.” Further, it is notice 
able in our experiments that in full 50 per cent of the results inhibition 
of proteols SIS IS produced, although here, likewise, the retarding eftect 
is not very marked. Rarely does the relative proteolytic action fall 
below 90. Our results, therefore, seemingly justify the statement that 
the addition of bile to a neutral solution of the pancreatic enzyme, 
even to the extent of 25 per cent, does not materially modify its 
proteolytic power; stimulation or inhibition may result, but not, 
under ordinary circumstances, to any very great degree. Still, the 
question arises at once why we have both stimulation and retardation. 
Obviously, some reason must exist for this apparent discrepancy in 
the results. First, however, we must call attention to the extent to 
which our analytical data can be trusted. Many times, to be sure, 
duplicate results agree very closely, but experience has taught us 
that, under the conditions of our experiments, the limit of error is 
about I per cent. This means that where 50-60 per cent ot 
proteid matter is digested, relative proteolytic action may vary two 
points without having any special significance (sce Experiments 1, 2, 
9, 18, 20, and 30). It is plain, however, on carefully scrutinizing the 
preceding data, keeping in mind what has just been stated, that in 
some experiments bile manifestly tends to produce slight inhibition of 
proteolysis, while in other experiments, apparently under the same 
conditions, increased proteolysis results. It is further manifest that 
this difference in action is to be connected mainly with the character 
of the bile « mploved. Thus, it is to be noticed that increased pro 
teolysis is much more common with sheep's and dog’s bile than with 


ox or pig's bile. Such differences in action might indeed be expected 
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when it is remembered how radically 
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to find any statements in the literature 
sodium carbonate is present. Indeed, some comparat 
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strongly acid, 1 gram of bile requiring on an average 2.36 milli¢ 


rams 
of KOH to neutralize the acid salts. These observations, which 
have an important bearing upon the subject under consideration, we 
are able to confirm in a general way through a large number of 
determinations made in this laboratory ! upon various kinds of bil 

(nly in rabbit’s bile was there a failure to detect a measurable amount 
of acidity. Cat's bile, however, showed an acidity equal to only 0.23 
Now it is obvious from these statements that bile excepting possibly 
rabbit’s bile) cannot contain any alkali as strong as sodium carbonate 

Such alkaline reaction as bile yields with red litmus, lacmoid, cte., 
must be due to the presence of such salts as NasHPO,, NaHlePO,, 
etc. We may measure the amount of alkalinity in bile, using 
lacmoid as an indicator, by titration with a solution of decinormal 
hydrochloric acid. Using this method, Mr. Brown found on an 
average that pig's bile having an acidity equal to 0.50 milligram 
NaOH per gram had an alkalinity equal to 1.05 milligram HCl per 
gram. Sheep's bile with an average acidity of 0.45 possessed an 
alkalinity of o.g1. Ox bile with an average acidity of 0.43 showed an 
average alkalinity of 1.50, while rabbit’s bile flowing directly from the 
liver through a fistula and not coming in contact with the gall bladde1 
had an alkalinity of 2.9 without any measurable acidity. Thes¢ 
statements would seem to show that the alkalinity as indicated by 
lacmoid is considerably greater than the acidity as indicated by phe 

nolphthalein, but this is not always the case, for in some of our ex- 
periments, to be quoted shortly, it will be observed that the acidity 
frequently predominates. We would call special attention, however, 
to the observation made with rabbit's bile, for if itis true that the latter 
fluid invariably has a strong alkalinity, the addition of such a bile to 
neutral pancreatic juice would obviously accelerate proteolysis. — If 
Rachford and Southgate used by chance the bile of the rabbit in their 
( xperiments, it might help explain the great acceleration of digestion 
noticed by them on addition of bile to “ neutral fibrin.” The point, 
however, which we wish to emphasize is that the bile of most animals 
under ordinary conditions is not a strongly alkaline fluid, that it con 
tains no such alkali as sodium carbonate, but on the other hand is 
possessed of a weak acidity due to the presence of certain acid salts, 
such as the phosphates of the alkalies, together with possible weak 
organic acids or other organic compounds. The fact that the acid 


reacting bile fails to produce any effect on blue lacmoid is convincing 


1 By Ernest W. Brown, Ph. B 


Lnfluence of Bile on Pancreatic 1 


fluid does not contain fre 


hand, fresh bi d 


ditferent values in ditt 
ary in the 
manifest. The 
litmus must plainly 


either litmus, |: 


ditferent samples of bil 


remembered 


1 


changes of reacti 


These da a 
bile into the 


Contra 


but withou 
tion of the 


find increased prot 


19 
proof that th: orcanic acids of an ti th 
On the other ocs p a certain d { 
linity to be detected by litmus and lacmoid, but main it ist 
to the presence of salts or compound vhich a th t 
phenolphthalein, or which exist side by de with ch mpout 
Lastly, we would emphasize the fact already bre ht out, that 1 
o-called acidity of the bile, and likewise th Ca alkalinit 

rent species of animals, and may Itkex 
der ditterent conditions of diet, et 
upon the problem betore u ifficienth 
yle to a neutral pancreatic fluid (neutral to 
ce achan In the reaction, as Measured b 
or phenolphthalein further, owing to the ! 
ations in the acidity and alkalinity, already referred to, it is clear that 
sensitive the proteolytic enzyme trypsin toward 
Hee), it is Obvious that this feature cannot be « rl | 
in considering the influence of bile upon pancreatic prot 
Let us consider now the character of the bile used in m f th 
preceding experiments on proteolysi 
1 / i 
ment 2. VPig’s O.5 1.13 
i |) ()'A) ) j 
13 O40 
‘ 
ow us at once that in introducin iv 1O per cent of 
mixtures, Variations reaction must nece ily 
cnsuc. for example, the bile used in experiments 2 and 7, 
also in 12 and 13 Here we have marked differen n the ratio of 
acid salts to alkaline anv appreciable dittere: thre 
relative proteolytic a ur everythin being equal 
we should expect tp | most miarked in those 
mixtures where the bile introduced showed a predominance of alkaline 
salts, but no such conclusion can be drawn from the r t Cony tine 
xpress milligr NaOH re lt tr ne 
nolphthal is ind { 
HCL to neutralize one gt 
as indicator 
: 


320 Chittenden and A loro. 


contrary, it is plain that such slight influence as bile exerts on the pro 
teolytic action of xeutra/ pancreatic juice is not connected primarils 
with change of reaction, but must be attributed to some other cause 


These points, however, will be referred to again in another connection 


III. INFLUENCE OF FRESH BILE ON THE PROTEOLYTIC ACTION 
OF THE PANCREATIC ENZYME IN ALKALINE SOLUTION. 


The experiments embraced under this head were conducted in the 
same manner as those previously described, except that to each diges- 
tive mixture was added 0.125 gram of sodium carbonate. Hence, 
each mixture contained 0.25 per cent sodium carbonate, unless modi- 


fied by the bile added. Following are the results obtained : 


Experiment 18 bile Alkali 

0.3721] gran 2.79 per cer 100.0 
O.3790 
0.4440 
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Experiment 20. Pig’s bile. Alkaline extract of pig’s pancreas. 
Per cent of Bile Undtigested residue. i 
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tC 5$.02 92.4 
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92 5 
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10.0 0.2743 42.54 7 
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Experiment 21 
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linity. By this we do not mean that the specific bile salts are 
without influence on pancreatic proteolysis, but merely that the 
changes in reaction resulting from addition of normal bile are in 
themselves sufficient to account for the retardation ncticed. Simi- 
larly, such stimulation of proteolysis as results may be due as much 
to amore favorable change in the reaction of the mixture as to any 


other cause. 


IV. INFLUENCE OF BILE SALTS ON THE PROTEOLYTIC ACTION 
OF THE PANCREATIC ENZYME IN NEUTRAL AND ALKALINI 
SOLUTION, 


In considering the action of the salts o: the bile acids on pancreati« 
proteolysis it is to be remembered that in ox bile both glycocholat 
and taurocholate of sodium are present, although the proportion of the 
two acids is subject to considerable variation. In most cases, when 
ox bile is acidified, the proportion of taurocholic acid present is suffi- 
cient to hold the less soluble elycocholic acid in solution, but in som« 
cases the latter predominates to such an extent that it will crystallize 
out under the above conditions. Thus Marshall! found as the result 
of an examination of 543 samples of bile from as many oxen that a 
S¢ paration of elycocholic acid could be obtained in only I2!I cases, 
?.¢., in 22.2 percent. This fact is worthy of note in the present con- 
nection as illustrating not only the variable composition of bile from 
a given Spee ies, but also as an indication of the variability of com- 
position to be expected in the preparation of CTY stallized bile.” @ 


Further, in pig's bile we have to do mainly with the sodium salts of two 


special forms of glycocholic acid known as a- and S- hyo-glycocholic 


acid. In the preparation of crystallized bile, 2. ¢., the sodium salts 


of the above acids, the ordinary methods of procedure were followed, 
and need not be detailed here. 

Following are the results obtained in studying the influence of 
these preparations on pancreatic proteolysis under the conditions 


spec ified. 


1 MARSHALL, J.: Zeitschr. f. physiol. Chemie, 1887, ii. 2333 
2 For the variation in the proportion of glycocholate and taurocholate present in 
human bile see the results reported by Hammarsten: Zur Kenntniss der Lelb« lle 
les Menschen. Mitgetheilt der kénigl. Gesellsch. d. Wissenschaften 
15 Juni, 1893. Separatabzug. 
JouIN, S JZeitschr. f physiol Chemie, 1888, xii, } 
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The contrast between the results obtained in the two preceding 


experiments led to our testing the reaction of the bile salts prepared 


from pig's bile, and it was found that they were quite strongly acid to 


litmus. It is thus evident that the marked inhibition of proteolysis 


observed in experiment 35 was due, in part at least, to the increasing 
acidity of the mixtures. In Experiment 36, on the other hand, the 
0.125 gram of sodium carbonate present overcame this acidity except 


n the mixture containing 3.0 per cent of the bile salts 


Experiment 37. Bile salts from pig’s bil Alkaline extra 
bile salts were exceedingly acid, hence 0.25 gram Na.CQ 
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per cent salts, however, the alkalinity was redu 


Per cent of Bile salts. Undigested » Lie. ib 
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bumin, precipitable by alcohol, and we have found that when this 
substance is removed from the bile there is a noticeable difference in 
the influence of the fluid on proteolysis. We may cite the following 
experiment: 


Fresh pig’s bile, very viscid, having a specific gravity of 1036, an acidity of 0.58, an 
an alkalinity of 1.15, was treated with tive volumes of strong alcohol, the precipitate filters 
tt, and washed with alcohol Ihe united filtrate and washings were then ev iporated for 

e removal of the alcohol, and the fluid made up with distilled water to the original 
volume The acidity was now O48, and the alkalinity 0.90 The a portion of 
original fresh bile and of the bile freed from nucleoalbumin ¢., on proteolysis was 


hn tested 
Experiment 40 esh pig's bile Neutral extract of ox pan 
Bile. ted digested Relat 


0.5777 $2.23 per cent 

0.624] 

0.7000 30.00 

0.7118 28.82 

0.6496 35.04 


10.00 723 27.65 


Experiment 41 ith bile freed from nucl 


0.50 
1.00 


2.50 
5.00 


10.00 34.02 


It is noticeable from these two experiments that the removal of the 
nucleoalbumin, with possibly some of the inorganic salts from pig's 
bile, diminishes in a general way the retarding effect of the latter on 
proteolysis. Somewhat noticeable also is the peculiar relationship in 
the rise and fall of proteoly sis under the influence of different pel 


centages of the two samples. 


With ox bile an attempt was made to separate the fluid into thre 
distinet fractions, using methods which would presumably cause litth 
or no change in the nature or composition of the various constituents 
For this purpose 440 c.c. of fresh ox bile, containing 12.4 per cent of 
solid matter, were evaporated to a very thick svrup on the water-bath 


and precipitated with absolute alcohol. The small precipitate which 
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increase in the proportion used. That these peculiarities of action, 

however, are not due to any direct influence upon the proteolytic 

enzyme is evident from the fact that in the second experiment where 

the reaction of the digestive mixtures is alkaline these differences disap- 

pear. The bile salts still produce inhibition, but the other two frac- 

tions no longer give rise to increased proteolysis; on the contrary, 
] ] 


they tend to check the rate of proteolysis. It is thus clearly evident 


that in bile there are present various elements capable under different 
conditions of producing divergent effects, in minor degree, upon pan 
creatic proteolysis — effects which may counterbalance cach other to 


some extent. 


INFLUENCE BILE AND BILE SALTS ON THE PROTEOLYTIC 
ACTION OF THE PANCREATIC ENZYME IN THE PRESENCI 
OF FREE AND COMBINED ACIDs. 


It has been venerally accepted, on the basis of what has seemed suffi- 
cient experimental evidence, that the proteolytic enzyme of the pan- 
creas is practically inactive in the presence of free hydrochloric acid.! 
Even free organic acids inhibit almost completely the action of the 
enzyme. Further, the presence of combined acid, /.¢., combined with 
proteid matter, checks to a greater or less degree the act ity of thi 
digestive fluid. Rachford and Southgate, however, state: ‘in our ex- 
periment we have found that the proteolytic action of pancreatic juice 
on fibrin is quite as strong in a one-thirticth per cent hydrochloric-acid 
solution as it isin aneutral solution. If there is any difference, in fact, 
it is in favor of the hydrochloric-acid solution.” The statement is 
positive, but we cannot find in their paper any cove/usive evidence as 
to the actual degree of acidity. Thus, to quote one of their experi 
ments, 10 minims of pure pancreatic juice, 50 minims of water, and 
30 minims of o.1 per cent hydrochloric acid were mixed together ; — 
but how much of this acid was used in neutralizing the alkalinity of 
the pancreatic juice, and how much was combined with the proteids 
of the secretion? Nowhere in their paper can we find any evidence 
of discrimination between free and combined acid, or any attempt to 
determine the actual percentage of either free or combined acid 
really present. The question is one of considerable physiological 
importance, and if it is true that the pancreatic juice acting in an 

1 CHITTENDEN and CumMINS: Studies in physiol. chemistry. Yale Univer. 
188s, vol. i, p. 135 Chis paper contains full references to other work in this 


direction 
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Neutra 0.1966 ¢ram. 
Proteids combined acid — 
Oone-sixth d (0.003 0.2110 
(one-fourtl ‘ O.004 “6 0.2654 
One-half 0.009 ‘ 0.328) 


Experiment 46. With extr: Ox pancre: 25 cc. of the 


c.c. U4 per cent salicyli id t e wit proteids pres 


Proteids combined with 
Completely saturated (0.157%, acid) 


OOUS74 


Half cid), O.S443 


O.S375 


In considering the results of the three preceding experiments it i 
to be remembered that in no one of the digestive mixtures was there 
any free acid present, hence such effects as are produced come solely 
from the influence of the combined acid. Of the latter, even a few 
thousandths of one per cent suffice to exert an inhibitory influence 
on proteolysis, and with a sufficient amount of combined acid alone, 
even with a weak organic acid, proteolysis may be almost completely 
checked. We fail to see therefore how the addition of acid to a xeutra/ 
pancreatic juice can increase the digestive power of the solution. 

What now is the influence of bile and bile salts on pancreatic pro- 
teoly sis in the presence of combined acid? The answer to this 


question is found in the results of the following experiments. 
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0.5183 $8.17 


O.4ASIS 51.82 


(0.0085 0.5860 #1.40 

2 05589 44.1] 

Quarter “ (0.0) 0.6330 36.70 
0.6359 6.41 


0.6230 37.70 


332 
P. pancreatic Juice fed residue. Kibrin d ted i 
SO 34 per cent 100.0 
75.90 YS? 
73.46 4 
67.19 
H4.36 5.2 
A ‘ 
Neutra 0.4658 gram 53.42 per cent 100.0 
O 4S04 31.06 Qs 5 
140 
15.57 
A 
Neutral — 100.0 
Bile salts 102.3 
100 
Proteids combined with acid 
44-0 
77.3 


/ufluence of Bile on Pancreati 


Experiment 48. \\ 


Experiment 49 


Experiment 51. \W 


( racter of th TF / ti ! / 
Prot ibine vith 
O4 
vVhat a wt Sal a t nbi prot 
Crara na 
Prot 
) | salts 0.677 
Experiment 50. Wit xt tof paner | t 
| Sal wid mbin ith t rote 
Neut! ( | ( t 
| te mbit wit 
Half saturated icid) O64 6? 
‘ 1.0 ( 120 ( 
( WK) 
ith extract of ox pancreas. Fresh e. Sa 
Proteids combined with acid — 
Half saturated (0.03 O7111 ) 
0.5 bile 0.7 242 


Chittenden and Albro. 


Experiment 52. Neutral extract of ox pancreas. Fresh ox bile 
fn this experiment the proteids of the pancreatic extract were not treated with acid 
sutticient acid was added to the fibrin to saturate it, or half saturate it (as test 


olin oo), prior to addition of the pancr 
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0.4980 50.20 


In only one of these experiments (Experiment 47) do we see any 
tinct suggestion of aid to pancreatic proteolysis when bile or bile 
ts are added to a pancreatic extract containing combined acid 
mbined acid alone tends to retard proteolysis, and the addition of 

to such mixtures as a rule increases still further the extent of 
tardation. Our results afford no confirmation whatever of the view 
bile greatly aids pancreatic juice in its proteolytic action on acid 

brin. Neither are we inclined to believe “ that pancreatic juice, 
is bile, plus hydrochloric acid, can accomplish more work in pro 
olysis than can any other known pancreatic mixture.” ! If such 
ere the case we fail to see why some evidence of such favorabk 
action should not appear in our results. The inhibitory action of 
acids alone, and cf acids and bile combined, on pancreatic pro 
teolysis is not in our judgment to be looked upon as unfavorable to 
the normal digestive processes of the small intestine. What right 
© we to assume that the conditions existent in the normal duo- 
denum are such as to require pancreatic proteolysis to take place in 
the presence of acid, either free or combined? The combined or 
free acid which passes from the stomach through the pylorus is with 
it doubt quickly removed by absorption or destroyed by neu 
ization. The evidence is certainly in favor of the view that the 
contents of the duodenum are generally alkaline. This question has 
been admirably discussed in a recent paper by Moore and Rockwood," 
in Which also a large number of experimental data are offered, showing 
that in many animals at least, under different forms of diet, the con- 
tents of the intestine from pylorus to caecum react alkaline. In some 


ises, to be sure, the contents closely adjacent to the pylorus were 


1 RACHFORD and SOUTHGATE: doc. cit 
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REINFORCEMENT OF VOLUNTARY MUSCULAR 
CONTRACTIONS. 


By ALLEN CLEGHORN, 
{ Physiology in the Harvard Medical School.| 


_ 1890 Bowditch and Warren! found that the knee-jerk was 

accelerated or reinforced when the interval between the various 
sensory stimuli used in their experiments and the blow on the patellat 
tendon was less than three-tenths second; when this interval exceeded 
three-tenths second an inhibitory or negative result was obtained 
Their results were so uniform that it seemed desirable to ascertain 


whether sensory stimuli would exert a similar influence upon volun 


tary muscular contractions, and to that end the following experiments 


were undertaken. 

The subject of the experiment contracted his muscles rhythmically 
every three seconds. The signal for contraction was the sound of a 
metronome beating every half second. 
The contractions were recorded by 
means of Mosso’s ergograph and were 
registered on a revolving drum. Each 
contraction was communicated by the 
recording lever of the ergograph to a 
Czermak electric double lever. The 
reader may be reminded that this most 
useful piece of mechanism (Fig. 1) was 
designed to record the limits of oscil- 
lation of a moving body without being 
otherwise affected by the movements of 
the body. by it an electric current can 
be either made or broken at the moment 
when the movement has reached its full 
CXTCHt. It consists of two levers (C) and 
(1) (Fig. 2), each connected with one pole acini 

GURE I 
of a battery (FF). Both levers move on 
the same axis‘ H). The first lever (C) is U-shaped and freely movable. 
It embraces the second lever. The latter (I) is stationary, except 


BowpitcH and WARREN : Journal of physiology, 18go, xi, p. 25. 
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when either elevated or depressed 
arm of the first lever can be made 
ductor by means of small screws (1 


ivory respectively This lever 


Into con 
Inditter 
mary 
this 
m carry 
ivory-pointed 
screw no connection 
is made, but if it be 
the arm with the plat 
inum-pointed screw 
the current is at once 
completed. By means 
of this instrument and 
an automatic hort 
circuiting key (FE), which it was subsequently found necessary to 
introduce, the stimuli were controlled in a definite manner Phu 
when A was depressed or in a position of rest, 4. ¢., the sition 
occupied when the muscles were completely relaxed, ¢ 
through its connection at L, and made to turn on the axi 
so to pull on the cord (J) attached to the key I and hence 
circuit itself automatically Without this arrangement unavoidabk 
vibrations would have broken the circuit through the sensitive con 
tact of a and b and thus have caused the signal marker (B) and 
the electro-magnet (G) to act With this arrangement, however, 
when A began to ascend, C was lowered and contact made between 
a and b, while the ‘ing at pulled open the short-circuiting 
key, the cord J between C and E being relaxed, and so allowed 
the current to pass a—b; consequently the ivory-tipped screw ¢ 


by elevating C and so drawing b away from a— broke the circuit 
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as soon as the recording lever (A) of the ergograph (K) began to 
descend.! 
The stimuli used in these experiments were light flashed into the 
eye, a sudden sound, and induction shocks applied to the skin. For 
retinal stimulus a flash from a thirty-two candle-power clectri: 
lamp was suddeniy brought to bear on the eyes, which were in dark 
ness, by means of Czermak’s lever, the subject at the beginning of 
his muscular contraction breaking the current? and so by means of 
the electro-magnet (G) releasing a catch which let fall the shutter 
of the box containing the electric lamp. The sound stimulus was 
effected in the same way, except that the breaking of the circuit re- 
leased a hammer which struck upon a tin disk connected with the 
ears by a stethoscope. Similarly, in the case of the stimulation of 
the skin, the breaking of the circuit opened the short-circuiting key 
in the secondary circu Bois-Reymond inductorium, hammet 
in action, and so let a series of induction shocks pass to the subj 
through common sponge electrodes fastened t he left arm 
right made the contractions). The point at whicl einfore 


licated on the drum 


stimuli were made was ind 
marker ubject usually contracted a: 
kilogrammes lectric current was 


of the operator, by means of the short-circut 


out the action of Czermak’s lever and the automatic k 


quently no stimulus could take place except at the will 
tor, for the circuit could not be broken by Czermak’s lever 
was open. The operator closed the circuit at irregularly varvin 


intervals so that the subject might not know when the stimulus was to 
be applied. Fig. 2 illustrates the electrical connections for the thre 


stimuli of sound, light, and the induction shock. 


It was found that a sensory stimulus applied just as the muscle 
beginning to contract, caused an increase in the height of the 
traction (Fig. 3). 

At this point in the research Hofbauer *® published experiments 


similar to my own. He used sound as the reinforcing stimulus and 


For a full account of the double lever see CZERMAK, J. H Der electris« 
Doppelhebel, Le pzig, 1S7I 
2 The ntact screws of Czermak’s lever were here reversed. the lower one 
being the nductor; the previous description applies to the arrangement in the 
experiments to be described presently 


7 HOFBAUER: Archiv f. d. ges. Physiol., 1597, Ixvili, p. 546. 
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obtained practically the same results 
mentation was particularly noticeabl 
tractions grew smaller. 

The most important feature noticed 
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a sudden sharp drop directly to the base line and sometimes beyond 
it. Fig. 4 shows this clearly, the broken-line curve being the stimu 
lated one. 

In the course of the research it was noticed that the relaxation of 


some of the subjects was quicker than that of others, while the height 


of their normal contraction varied 
also, some persons giving a_ strong, 
high contraction while others gave 

small, feeble one. Again, some r 
acted in a more decisive way than 
others, and in a few instances the sub- 
ject gradually became accustomed to 
the stimuli and reacted more slowly 
than at first. In some cases, finally, 
it was observed that the next con- 


FIGURE 4. One-fifth original size The 


curves record voluntary muscular traction following the reinforced one 


contractions (load, one kilo). In exhibited the same phenomenon (see 


: bro curve, ¢ peri 
Fig. 5), but this occurred in a manner 


marked by the rise in the line just . : 
too irregular to enable conclusions to 


above the time record, a_ faradic 

current was applied to the skin. be drawn from it. 

he breaks in this curve wer The table on page 341 shows at a 

painted in after the curve was 

glance the effect of the various stimuli 
the time in fifths of seconds on muscular relaxation. 

Each of the three parts of the table 
is compiled from one tracing, in each case taken from a different 
individual, and is typical of the results obtained from all the other 
tracings. The same number of normal and stimulated contractions 
are given in order to facilitate comparison. In the first section of 
the table light was the reinforcing-stimulus; it was applied at the 
beginning of muscular re/avation. From this portion we can sce 
that in a normal muscular movement the period of muscular re- 
laxation is‘ slightly longer (equal in two cases) than the time of 
contraction, while in the movements with simultaneous retinal stim 
ulation the reverse is the case, the time of relaxation being con- 
siderably shorter than the time of contraction (see Fig. 3). With 
sound as the stimulus, the same results are noticed, the short- 
ening of the relaxation time being again marked. The same 
effect is gained by a simple cutaneous sensory stimulus (electric) 
No attempt was made to find the results of using powerful 


shocks. 
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It appears, therefore, that the phase of relaxation after voluntary 
muscular contraction is shortened by a sensory stimulus applied at 
the beginning of relaxation. 

I pass now to a discussion of the cause of this interesting phenom 
enon. It is necessary to inquire first whether the shortening of thi 
relaxation phase (or acceleration of relaxation) is due to a retlex 
contraction of the extensors of the forearm, now relaxing from thei 
contraction as antagonists during the contraction of the flexor muscle 
Such a reflex contraction of the extensors would forcibly clongat 
the relaxing flexors and thus shorten their phase of relaxation 

The solution of this new problem required that the contractions of 
both extensors and flexors should be registered simultaneously, — a 
difficult task, as it proved, necessitating an addition to the apparatu 
already in use. The wrist being fixed as before in Mosso’s ergograph 
the subject flexed his arm so as to bring the upper arm at right 
angles to the forearm. Two upright supports firmly screwed 
base board of the ergograph embraced the elbow and upper 
which were then tightly bandaged in this position, the banda 


cluding the uprights and the upper arm so that no portion 
| 
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limb except the finger in connection with the ergograph could move 
The button of a Marey receiving tambour was placed in contact with 
the integument over the extensors, the tambour itself being supported 
from below. Connection was now made with a recording tambour, 
the lever of which carried a Pfluger’s marker which wrote vertically 
on the drum; this did away with the difference that would result 
were one curve drawn by a lever moving perpendicularly and_ the 
other (extensor) curve drawn by a lever which moved in the arc of a 
circle. 

Over twenty different subjects were examined, and rather more 
than five hundred contractions were taken from each. The tracings 
obtained by this method all showed the same character 
demonstrated the fact that the antagonistic extensors and the flexors 


relax in the same way. In other words, the stimulus seemed t 


1 curve was drawn by th 


The lowermost curv 


the extensors in a similar manner to the flexors 
action of both sets of muscles under the influence of the rei 
stimulus of sound. The tracing is especially valuable as the subject 
was contracting against the weight of only one kilo, thus minimizin 
any influence which the weight might have on the relaxation of th 
muscles. In this tracing the points of the recording levers were 
accurately placed in the same vertical line. It is seen from thes 
results that the acceleration of the relaxation phase cannot be ex- 
plained by the reflex contraction of the extensors of the forearm. 

A second explanation suggests itself. The relaxation phase in 
voluntary contraction may perhaps be regarded as the gradual sub 


sidence of the contraction-discharge from the motor neuron: If such 


a process were inhibited by the stimulation of the retina, the auditory 
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sartorius muscle of a dog to which veratrine had been given 

tetanized the nerve of a muscle that had been brought into 

tonic contraction by exciting its nerves with glycerine, and observed 
relaxation. Wedensky ® finds that an ordinary nerve muscle prepara 
tion may be made cither to relax or to contract according to the 
streneth of the stimulus employed. Many other instances could be 
cited. Further, we possess ample evidence that cerebral influences 
may directly cause relaxation in muscular tissue. A familiar example 
is the action of the inhibitory fibres of the vagus on the heart. Mus- 
cular relaxation has even been obtained by direct cortical stimulation, 
Thus Bubnott and Heidenhain® found that stimulation of the motor 
fields of contracted muscles, and indeed of other fields as well, would 
produce relaxation. Sherrington and Hering? have also obtained 
muscular relaxation by stimulating cortical motor areas. It is with 
these experiments that my own results should probably be placed, 
for they show that in the human subject sensory stimuli modify re- 
flexly the relaxation from voluntary muscular contraction as well as 
the contraction itself. 

Che result of my experiments, then, favors the view that the accele- 
ration of relaxation is due to the augmentation of an “ active’ relaxa- 
tion process, rather than to the inhibition of the contraction process, 
but it would perhaps, in the present state of knowledge, be unsafe to 
make too positive a statement regarding the nature of the phase of 
sinking energy in muscular contraction. 

In conclusion I desire to express my appreciation of the many valu- 
able suggestions of Professor Bowditch, under whose direction this 


work was done. 


SUMMARY. 


1. A sensory stimulus applied at the beginning of a voluntary con- 
traction increases the height of the contraction. 

2. The relaxation following a contraction with intercalated sensory 
stimulus is quicker and more complete than when no stimulus is 

3. This acceleration of relaxation is not due to augmentation of the 


contraction of the antagonistic muscles, for the relaxation of the ex 


' KAISER: Zeitschrift ftir Biologie, 1891, xxviii, p. 423. 
WEDENSKY: Archives de physiologie, 1891, iii, p. 657. 
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differ in rapidity and extent trom the relaxa 
tion of the flexor muscles. 

4. The acceleration of relaxation cannot be ascribed to t \ 
thibiting the discharge from the motor me t 
the rapid passive extension of the muscles by t of 
iph, for the acceleration does not increase with t 

5} M the present state of knowled the accelerat yest 


ON CERTAIN CHARACTERISTICS OF THE PRESSURE 
SENSATIONS OF THE HUMAN SKIN. 


By GAYLORD P 
Prot f Pl 


[From t 


BY pressure sensations are to be understood those sensations which 
Dat 


‘e provoked by non-painful mechanical stimuli 


skin. It appears that such stimuli must produce a local ck formation 


of the skin in order to be effective. In Meissner’s experiment of 
immersing the hand in mercury of the temperature of the skin, a 
considerable amount of pressure is exerted upon the skin of the sub- 
merged part, but no sensations are there provoked. In this case there 
is sufficient pressure to stimulate, but, a large surface being subjected 
to the same pressure, there is no deformation and consequently no 
sensation 


1 


are felt only at the moment of their application, the continuation and 


Von Frey ! has shown that mechanical stimuli of threshold strengt 


end of the stimulus not being perceived; that is, the sensation van 
ishes very soon after the application of the weight, and the removal 
of the weight is not noticed. He has shown, further, that stimuli 
above the threshold strength may be felt as continuing sensations, 
although the intensity of the sensation diminishes, the unloading 
being always more difficult to perceive than the loading. The sensa 
tion may outlast the stimulus, probably as a result of the deformation 
of the skin, which remains for some time. Finally, von Frey has 
demonstrated that the effectiveness of the stimulus depends upon 
certain factors in addition to the strength of the stimulus; namely, 
upon the size and position of the surface stimulated and the rapidity 
with which the stimulus is applied. 

In order to determine more cle arly the value of the phy siological 
factors involved, von Frey devised test hairs (Reizhaare), which fur- 
nish a very circumscribed mechanical stimulus, capable of gradation, 
and thus measure quite accurately the number, position, and relative 

von Frey: Abhandl, d. math. - physikal. Cl. d. kénigl. Sachsischen Gesellsch. 
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without undue bending of the hair, and further, that t ft 
cross-section and the power remain quite constant { { 
time Che p ire of the hau ts power per it of { 
that is, the quotient of its power divided by th rea of its ¢ 
tion Variety in th ctional surface of the different ha 
variety in the power of different hairs of the sam tion rfa 
can be obtained by taking pieces of hair of ditferent length 
By means of the test hairs it is found that th nsations of pi 
ure are provoked only at certain so-called ** pr: Ire point h 
are constant in their location but which vary in the numb tributed 
to equal areas of skin. The pressure points are therct 
by intervals which are not sensitive to this form of stin 
these intervals increase in size as the sensit point 
attered The pressure points are fatigued by rap peated 
timuli, but soon regain their normal sensitiven hen left to ther 
elves. Upon the haired portion of th kin, estimat t in nt 
it has been found that 1 I 
f the hairs, the point ben cated 
I 
pot vhere th hair | ! th 
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lated are not superticial in their location but lic somewhat deeper, th 


tfect of the deformation upon the deeper lying structures being mo 
marked when the surface over which the pressure is applied 
creased. With larger surfaces than those of the test hairs the deform 


ation always attains its maximum effect at the deeper levels of th 


kin, and then the physiological effectiveness of the deformation-pro- 
ducing stimulus becomes proportional to its pressure 
During the summer of 1897 [ had the opportunity of co-operatin 
th Prof von Frey in the Physiolo ul Institute of the Un \ 
f | ) Y some extension of the investigations alone th 
he has been cnga and | itefully acknowl n 
In to him Phe tirst object of the research th oint 
taken was to determine whether deforma 1 caused by tract 
which is opposite in direction to that produced by pressure (D 
{ the same organs that have been shown to be « ( t 
iction by pr ure, or whether the skin contains also organ hich 
ct to tract It dent that external object ce ict 
th skin p | e chiefly the deformations of pri ! rat r tl } 
those of traction, but a bricf consideration will show that the t 
f the skin mav be subject to p ec, or to chan of p by 
movements of t mad © structures of the motor a ut ind 
that the terminal o1 is of tl -called pre nse may b 
thereby ex: | Che pre its a very ul rface, h 
convex, there concave, as it conforms to the vary contour of 4 


these structures must necessarily change the natural tissue-pressure in 
the overlying skin, increasing that of convex areas when their convenity 


increased, and diminishing it when their convenity is diminished 
increasing that of concave areas when their concavity is decrea 
and diminishing it when their concavity is increased. Variations in 


pressure corresponding to those caused by the deformation of local 


traction as well as that of local pressure from external objects, but 


due to body movements, may therefore play a role in exciting the ner, 
] 


| 
organs of the skin, and the tmpulses thus provoked may be assumed 


to contribute to our knowledge of the position and the condition of a 


part, a function ascribed by some to ‘common sensibility.” 


ological valu from this it is assumed that the organs thus stim 
bones and muscles over which it stretched A chan eotp tion { 
to the konigl Sachsische Gesells ilt r Wissenschaiten in Leipzig (Bet te 
\ug. 
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thus left in equilibrium, and one weight was allowed to produce its 
effect by quickly raising the other with the hand. During the test 
care was taken to avoid all external disturbance, and the Reagent 


sat with closed eyes in the most comfortable position possible, atten 
tive to the locality of the skin to be stimulated. The word “ now 
warned him when a stimulus was about to be applied, and th 
attention was then especially concentrated. 

[wo protocols of such tests follow, one having been made upon 
an isolated sensitive pressure point, the other between previously 


located points upon a surface not sensitive to pressure 


+, 1897. Reagent C. End of s elued upon a sensitive pr 


volar side of the left wrist loade 0.3 mm 


ly momentary. 
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From the foregoing and other similar tests it was found that th 
so-called pressure point hown to be ensitive to the deformation 
caused by pressure are equally nsitive to the deformation ca | 
by traction, and, what is most striking, it wa een that th ver 
small surfaces there is inability to determine the direction of tl 
deformation, that is, to distinguish between ire traction 
the sensation being that simply of a deformation even th strenetl 
of stimulus which are very marked and the action= of ly 
the duration of the sensation falling marl 
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short of that of the stimulus, and the removal of 


ing d. 

Attention was next turned to the determination of the effect 
fatigue produced by a long continued pressure stimulus 
momentary tractior imuli following immediately after the 
of the fatiguing load. The stimulus used to produc: ‘ 
sisted of a 4oo gram weight hung upon the pulley of the axis of 
lever. The distance of the weight from the axis was ,', that bet 
the axis and the straw by which the load was transmitted 

Thus the actual weight upon the tested surface was 10 gram 
‘the end of the straw being 0.5 mm.*, the actual 

1¢ square millimetre. The momentary 
means of small double-arm thin wooden 


levers arranged at nght angles to the main lever already described 


and so placed that they could be made to strike upon it on each 


side of and at equal distances : ee about 5 the lever Ik neth 


axis. These levers were moved by weights hung upon 


the pulley of the axis on the side towards the main lever, 


height of their stroke was determined by an adjustabl 


post placed under the remote arm of cacl 


This arrangement permitted the selection of 
provoke a weak or a distinct sensation as desired; and, 


the remote till it touched the stop and then sud 


it, any number of uniform momentary stimuli could 


An isolated, scnsitive pressure point Was S¢ lected and the Cl 


the straw lued upon it. The following protocols set forth 


results obtained from two series of tests in which momentary stimuli 
of pressure and then of traction were applied, the fatigue in both 
cases being caused by pressure. 

Che results of such tests as those here given in detail show that 
with very small surfaces repeated momentary pressure or traction 
stimuli of a uniform strength just above the threshold value always 
excite a similar sensation, if the pause between successive stimuli is 
sufficient to avoid fatigue. The results show also that if a strong 
pressure-producing stimulus be allowed to act sufficiently long to 
produce fatigue and then removed and momentary rhythmical stimuli 
immediately applied, the latter are not at first perceived, but soon 
begin to be felt, although imperfectly, and with an increasing distinct- 
se before the 


ness inconstant in degree. Several minutes may clay 
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Reagent C.— 


Momentary or stroke stim 


us applied 


pressure stimulus 


Not comple tel) 


Varlabic 


removed 
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July 3, 1897, 
B a traction stimulus. 
Tim Stimulus Statements of Keagent 
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Stroke stimulus applied several times Felt each time, weak but dis 
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Fatiguing stimulus mamoved Nothing 
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No. 
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15 Ves, a little mor stinct 
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35 OU . . . Ve 
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an equal fatigue for traction. 


Large Surfaces. 
surfaces points most sensitive to pre 
traction; that their sensitivenes 
mately the same; that fatigu 
subsequent traction stimuli as well a 
even with strong and continued stimuli 
or the 
of the stimulus, 
Tests were now made 
tional area of 50 mm." 
used in the foregoing tes 
Observations were first 


stimuli applied to 


the left thumb. Such stimuli were 


arranged as in the foregoing tests and 
pressure to traction. These observat 
with continued stimuli of different 


Following is a protocol: — 
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Continued stimuli = I[nstead of strok ers,” weights were ing 


Re ted tests of the above character made on both of us upon thx 


ist as well as upon the thumb and with stimuli of different strength 
showed that with large surfaces momentary stimuli of pressure and 
traction even of marked strength, provoking distinct sensations, could 
not be distinguished as to their direction, a deformation undeter 
mined in character being in each case alone perceived. When stimuli 


were continued instead of momentary it was found that with smaller 


weights, that is, with a diminution in the streneth of the stimuli, the 
ability to judge of the character of the deformation was also impaired 
In order to obtain equality in the rapidity of application of the con 
tinued stimuli and thus climinate the influence of that factor, which 
had previously been shown to be an important one in the etfecti 
ness of pressure stimuli, the following arrangement of the apparatus 
already described was made Phe weights hanging on rubber bands 
attached to each side of the axis of the main lever were sup porte d 
by the two levers previously used as “ stroke levers” but now placed 
under the main lever. The ends of the arms that supported the weights 
rested upon a shelf attached to a horizontal clock-work kymograph 


drum Rotation of the drum carried the ends of the levers down and 


j 
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we 
ur 


30 grams, pressure side 2 spaces from axis; actual load 6 grams 


30 grams, traction side 2'., spaces from axis; actual load 7.5 grams 


nd of Stimulus Statements 


Quite distinct, not very strong, 


tinguish. 


Distinct, lasting; not determinabi 
or traction, perhaps traction 


Distinct, lasting, gradually vanish 
sure, quite uncertain. 


IDistinct, lasting; not det 


Yes, distinct and lasting; 


Exactly the same as to intensity am 


All stimuli notably of equal strength 


noted that the removal of the stimulus was not pet 


sensation outlasted the stimulus.) 


CONCLUSIONS. 


Collectively the tests show that the recognition of the direction of a 
deformation, that is, the ability to distinguish between pressure and 
traction, depends upon the size of the surface stimulated, the duration 
of the stimulus, and the strength of the stimulus. The perception of 
a deformation is therefore a simpler psychological process than the 
recognition of its character. The impulses provoked by Variations in 
pressure appear to contain in themselves no determination of the 
direction of the exciting deformation. That determination is gained 
by a combination of impulses of some intensity, of more than momen- 
tary duration, and arising from a not too limited area of the skin. 

Our demonstration that the points most sensitive to pressure are 
equally sensitive to traction; that the impulses produced by stimuli 
in cither direction provoke simply sensations of deformation without 
indications as to its direction; that a stimulus which causes fatigue 
for pressure stimuli causes also fatigue for traction stimuli; and that 
the strength of the stimulus, the rapidity of its application, and thx 
size and the location of the surface to which it is applied, influence 
equally the effectiveness of traction and of pressure stimuli — makes 


it probable that the organs in the skin which are stimulated by 


pressure are also stimulated by traction. 
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to be seen with the Ré6ntgen rays in the uninjurea animal during nor- 


mal digestion. An unsuspected nicety of mechanical action and a 
rprisin ensitiveness to nervous conditions have thereby been 
d closed 


I. INTRODUCTORY LITERATURE. 


Phe early writings on the subject of gastric movements are chara 


terized by general inferences from physical laws and from the anatom 
tructure of the stomach. According to Galen,! the stomach had 
four function to draw the food from the mouth (¢ facultas attra ) 
to retain the food ( fa rs retentrix) during the process of chemica 
( tion ( fa ws altcrat ), and, finally, to pass the changed mate 
rial onward ( facultas cxrpul ) In later writings the / 
trix failed to appear as one of the functions of the stom 
Fallopius,? in th xteenth century, changed the notion of the / 
has fentrix by suggesting that the pylorus alone performed tl 
othce, and that the mus« of th istric wall could help only by 
remaining quict. Thus the facu/tas alteratrty and the facultas f 
4 ir ft as true gastric functions It is with the latter activit 
ind its effects that this paper 1s concerned 
The ideas of the early writers concerning the pylorus and car 
ire of interest Phe cardia, they were agreed closed during n 
mal digestion in order to keep the food from re-entering the cesoph 
Leu The pylorus they looked upon as the ruler of the action 
of the stomach. Such names as pylorus (keeper of the gate ), janitor 


+ 


istus, and rector, which the first investigators gave to the sphinct 


indicate their theories of its functions. The passage of chyme int 


the duodenum, the keeping of undigested food in the stomach, the 
act of vomiting, were all dependent, they believed, an the * will” of 


No substantial advance was made beyond these hypotheses un 
the beginning of the cighteenth century, when Wepfer and Schwartz: 


applicd the experimental method to the study of the gastric move 


ments and laid the foundation of a more accurate knowledge. Wep- 
fer * vivisected wolves, dogs, and cats, and observed constrictions 


following stimulation of the stomach. He remarked a general con 


GALEN: Opera omnia. Leipzig, 1822, ili, pp. 275, 251 
FALLOPIUS: Opera omnia; observationes anatomica. Frankfort, 1600, p. 412. 
VAN HELMONT: Opera omnia. Frankfort. 1707, p. 215 

4 Werpser: Historia cicuta aquatica. Basel. 1679, p. 152 seg. 
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much new and interesting information. Since, however, it will con 
duce to clearness to set forth the results of these investigations in 
connection with my own work, their consideration will be deferred 
until later. 

It will then appear that these later investigations, like the earlier 
researches, disagree as to the details of the stomach movements. 
Such differences in results are the proper outcome of the abnormal 
conditions under which the studies have been conducted. Obviously, 
in order to see the natural movements of the stomach, the organ 
should be observed in its natural state, and not after it has been dis- 
turbed by removal from the abdomen or by the adhesions and losses 
of substance incident to gastric fistulas. 

As a means of watching the gastric motor activities under normal 
circumstances, Dr. H. P. Bowditch, in the autumn of 1896, suggested 
the use of the Rontgen rays. The present paper is the result of the 
work thus far completed. The kind assistance and stimulating 
counsel of Dr. Bowditch throughout the investigation are gratefully 


acknc ledged. 


Il. THE METHOD. 


The method consists in mixing subnitrate of bismuth—a harm 
less, non-irritating powder — with the food, and observing the move- 
ments of the swallowed mass by means of the Rontgen rays. As is 
now generally known, the picture thrown on the fluorescent screen 
by the Rontgen rays is one of shadows of varying intensity; the 
denser the substance, the darker the shadow. There is nothing in the 
structure of the stomach to cause it to cast a different shade from that 
of its neighboring organs. But the dense bismuth powder, uniformly 
mixed with the food that fills the stomach, throws the dark shadow 
of the stomach contents on the screen, and the changes in the shape of 
the outlines indicate the intrinsic movements of the organ. 

The animal used throughout the research was the cat. The meal 
given before making an observation consisted of from fifteen to 
eighteen grams of dry bread, softened to a mushy mass by milk, 
hot water, or thin gravy, and mixed with from one to five grams of 
subnitrate of bismuth, according to the purpose in hand. One or 
two grams of the bismuth compound produce a dim shadow of the 
stomach within which may be clearly seen the darker forms of food 


containing a larger amount of the substance; three grams are 


enough for ordinary observations; four or five grams are needed to 
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from eating for at least twel hours before a { 
that the stomach might be wholly tree from tents 1 t 
th \ l 
Phe construction of the holder on wl the cat t 
nthe diagram (1 1). It nsist fa tra t 
each So cm. long and 2.5 cm Mect 
blecks 2.5 cm. thick, 12.5 cm le, and if 1 | 
cloth, which sa 1 f the com 
fort of the cat, was held by strip 5 . 
of wood nailed to the inner 
of the fram othe 
| 
pieces were 6 cm. in d 
ameter, and 5 cm. apart | ft leather n t 
went down through one of th and up tl 
in which it was made tast bv forcin Lt pointed p to t 
with it The cat head wa h two p ol 
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cat’s neck 
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the cat's right kor watching the passa of f 
the hind legs were both fastened to the left f 4 { 
that the cat lay on her left flank Most of the fer t 
lic on the holder by the hour without makin inv attempt t 
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was placed behind the holder. The lig 


ht from the tube and tl 


machine was shut off from the observer by drapings of black cloth, 


in the dark room where the work was carried on 


it 
It 


fluorescent screen with sides only two 


centimetres high. is plan was found especially valuable in that it 


permitted tracing the outlines of the stomach on tissue paper laid 


over the fluorescent surface. 


Wl. ANATOMY OF THE STOMACI 


THE SHADOW 


It must be constantly borne in mind that the shadows described 
is research are cast by the gastric contents, — not by 
Therefore the movements of the organ are not seen 
but are indicated by their effect on the contained food. Variation 
leneth and breadth of the stomach can be inferred from chan 
of the shadow, but variations in the front-to-bacl 
iameter of the organ must be judged from changes in the intensity 
of the shadow. 
Phe form of the active stomach soon after food has been taken is 
shown in outline in Figure 2. Since the several parts of the st 
to be mentioned frequently, it will be well to recall tl 
itline. The larger, cardiac par 
through w nto it the asophagu 
cardiac 
The pyloric part, 
which includes all of the stomach 
situated at the right of a line w 4, 
is closed by the pylorus at /. 
This part has two divisions; the 
antrum at the right of the line y <, 
and the preantral part of the pyl 
oric portion, or middle region of 
the stomach, between the lines wa and ys. The lesser curvature 
corresponds approximately to the anterior border of the shadow 
fp, the greater curvature to the more extensive sweep, ¢ f, along 
the posterior border. 
The wall of the cat’s stomach consists of three coats, but as this 
paper deals only with the functions of the muscular coat, that alone 
be described. The gastric muscular fibres are disposed in thre« 


an outer longitudinal layer, a middle circular layer, and a set 
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extremity, the circular band and all the transverse muscles becom: 
relaxed, and a contraction commences in a reversed direction, from 
right to left, and carries the contents again to the splenic extremity 
to undergo similar revolutions.” ! 

In close accord with Beaumont’s description of the activities of th: 
human stomach are the records of the investigations on the stomach 


by Hofmeister and Schutz... They removed the nach 


from the body and placed it in a moist chamber, kept at body-heat 


and covered with glass. Under such conditions the organ remained 
active for from sixty to ninety minutes. A typical movement is de- 
scribed by these observers as compose d of two phases. In the first 
phase a constriction of the circular fibres, deeper on the greater cur- 
vature, starts a few centimetres from the cardia and passes towards 
the pylorus. As the constriction proceeds it increases in strength 
until a maximum is reached about two centimetres in front of the an- 
trum. This annular contraction, called by Hofmeister and Schiitz the 
*preantral constriction,” closes the first phase. Immediately ther 
after the strong sphincter antri pylorici, or transverse band, contracts 
Now, while the preantral constriction is relaxing, the sphincter antri 
pylorici tightens still more, and the antrum is shut off from the rest 
of the stomach. As soon as this has occurred a general contrac 
of the muscles of the antrum follows. Relaxation begins 
sphincter antri pylorici and progresses slowly toward the pylorus ; 
is sometimes accompanied by an-antiperistaltic movement. 

Although Rossbach’ also used dogs his results vary considerably 
from those of Hofmeister and Schutz. This discrepancy is possibly 
accounted for by a difference in method, for Rossbach left thi 
stomach in the body. The dogs were treated with morphia and 
curare, and the abdomen was then widely opened, so that the mov 
ments could be clearly seen. When the stomach was full Rossbach 
saw deep constrictions begin near the middle and pass in waves to the 
pylorus. At first these movements were weak: later, however, they 
became more vigorous. The fundus remained in tonic contraction 
about its contents and took no part in the peristalsis. 

Before attempting to explain the difference in the records of the 
observers I shall give an account of what may be seen in a cat by 


use of bismuth subnitrate and the Rontgen rays. 
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as the stomach. Further, the movements observed by Hofmeister 
and Schutz, as Ewald has pointed out,! may easily have resulted from 
the abnormal stimulus due to lack of blood a potent cause of pet 

istalsis. And it will be shown later that the accounts given by these 
investigators describe very well the actions of the stomach when stimu 
lated by an unusual irritant. In this connection it may be added that 
since the publication of the preliminary notice of my work,? Roux and 
Bathazard,® using the Rontgen rays, have published the results of 
observations on the stomachs of the dog and man, similar to thos 

thus far described in this paper. 

Che fact that my observations and those of Roux and Bathazard 
were conducted under normal conditions, and that the conditions of 
RKossbach’s experiments were more nearly normal than those of the 
other observers mentioned, warrants the conclusion that the pyloric 
part has a more important function than that of merely expelling the 
contents of the stomach into the intestines. After summarizing the 
description given by Hofmeister and Schutz, Ewald, for a prior? rea- 
sons, declares: “IT cannot accept this view. The plain fact that the 
pyloric portion secretes a strongly digesting fluid containing pepsin 
and hydrochloric acid, proves it to be an important part for the pep- 
tonizing function of the stomach.” * The account of the remarkabl 
manner in which the pyloric portion performs this function must. bs 
deferred until the movements of other parts of the stomach have been 
considered. 

2. Movements of the Pyloric Sphincter. — Rossbach” mars his 
otherwise careful work by declaring that the pylorus 1s tightly closed 
during the whole digestive period of from four to cight hours; and 
that then the sphincter relaxes and the peristaltic waves empty the 
stomach. That this is not the normal action of the sphincter has 
been shown by several observers.  Hirsch® watched dogs 
duodenal fistulas and saw food come from the stomach at intervals 
of one-fourth of a minute to several minutes. Roux and Bathazard ‘ 
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The first region to decrease markedly in 
size is the preantral part of the pyloric por 
tion. The peristaltic undulations, caused 
by the circular fibres, start at the begin- 
ning of this portion, and gradually, by their 
rhythmic recurrence, press some of the 
contents into the antrum. As the process 
continues, the smooth muscle fibres with 
their remarkable tonicity contract closely 
about the food that remains, so that the 
middle region comes to have the shape of 
a tube (Fig. 4 1.30 P.M. to 2.30 P. M.), 
with the rounded fundus at one end and 
the active antrum at the other. Along 
the tube very shallow constrictions may be 
seen following one another to the pylorus. 

At this juncture the longitudinal fibres 
which cover the fundus like radiating fin- 
gers, and the circular and oblique fibres 
reaching in all directions about this spheri- 
cal region, begin to contract. Thus the 
contents of the fundus are squeezed into 
the tubular portion. This process, accom- 
panied by a slight shortening of the tube, 


he fundus 


goes on until the shadow cast by t 
is almost wholly obliterated (Fig. 5 — 5.30 


P.M. ) 


The waves of constriction moving along 


the tubular portion press the food onward 
as fast as they receive it from the contract- 


ing fundus; and when the fundus is at last 
contents of the stomac 
by 
Réntgenrays. Thedraw- into the antrum (Fig. 5— 5.00 P.M. to 6.00 


ings wert y tracing the P.M.) 


emptied they sweep the contents of the tube 


on a tluorescent screen 


Here the operation is continued by 
outline of the shadow on tissue 7 


paper laid upon the fluorescent the deeper constrictions till finally (in this 


surface, and are about one-half instance, at 6.12 P. M.) with the exception 


ae e of a slight trace of food in the fundus, 
he change 1 ip pe irance > 
of the st h at intervals of nothing is to be seen in the stomac h at 
half an hour, from the time all 
ntil the stomach is = 
Che food in the fundus may possibly be 


| 372 


breathing, 


lowe r bordet d 
then released 

portion is moved very 
less than a half centimetre. 

Moritz! has pointed out the 
holding the bulk 
that the intestines may 
and absorptive process« 
ecul o the intestine 
For the preceding i] n indicates, and « 
scribed later prove, that the s a is comp 
ically distinct portions: the busy antrum, o1 
constriction-waves are running in continuot 


} 


part, which ts an active reservoir, pressin 


as the antral mechanism is ready to 


MOVEMENTS 


appearance of the stomach dur 
particularly by Openchowski He say 
there follows a quivering of the stoma 
the pylorus, shows itself later in the antral and middl 
stomach. The quivering af 
strongly marked in the antral part, si 
down to the antrum from above ar 


1 
t hye 


same time the fundus expands 
traction in the pyloric part 
dilated portion, and thence they ar 
abdominal pressure 


The same phenomena occur when a cat is 


Munchener med. Wo 
pressure at 
(Zeitschr. f. Biologie, 1895, xxxii, | 
), have inferred that t 
performed by the pylori 


Traité des maladies de 


slightly affected by the to-and-fro movements of th i n 
respiration With normal breathing tl ipper border ot t 
portion swings through about one centimeti vith d 
stthrough one and a half or two centimet! 
Mration | 
(ail 
] ] 1 1 1) 
d of t 
vhich 1) 
\ STOMACH IN Vo 
been studied 
) 
«hl, 
PHCTICALY 
the contents t mor 
forced nto tire I ) 
hrift. x] 114 
350) l!von Ptu ( 
rt | ] 
OPENCHOWSKI \rchiv fur P] ( } 52 


37 W.B. Cannon. 
374 


dermatically. First the upper circular muscles relax and become 


] 
| 


so flaccid that the slightest movement of the abdomen changes the 
form of the fundus. Then there are apparently irregular twitchings 
he fundus wall. Soon a deep constriction starts about three centi- 
tres below the cardia, and, growing in strength, moves toward the 

When it reaches the transverse band the constriction 
tightens and holds fast, while a wave of contraction sweeps over thi 


antrum. Another similar constriction follows. In the interval thx 


transverse band relaxes slightly, but tightens again when the second 


] 


Wave reaches it Perhaps a dozen such waves pass; then a firm con- 


traction at the beginning of the antrum completely divides the gastric 
cavity into two parts. This same division of the stomach into two 
parts at the transverse band is to be scen when mustard is 
Now, although the waves are still running over the antrum, the 
preantral part of the stomach is fully relaxed \ flattening 
diaphragm, and a quick jerk of the abdominal muscles, accompanied 


by the opening of the cardia, now force the contents of the fundus 


into the cesophagus. «As the spasmodic contractions of the abd 


inal muscles are repeated, the gastric wall again tightens around 
contained food. Antiperistalsis I hi Set ly once; then, wh 
the cat wi t ¢, a constriction started at the pylorus and ran 
back, over the antrum, completely obliterating the antral cavity. 

It will be recalled that the principal difference between the mov 
ments of the stomach and their effects as described by Beaumont, and 
Hofmeist Schiitz on the one hand, and Rossbach, Roux and 
Bathazard, and myself on the other hand, is that the former observed 
constrictions completely dividing the stomach at the transverse band, 
and antrum then squeezing its contents into intestines ; 
whereas latter have seen the constrictions moving forward as 
narrowing rings, but not separating the gastric cavity into two 
parts. 

With the exception of peristalsis in the antrum, the gastric move- 
ments at the beginning of emesis are almost exactly the same as those 
Beaumont, and Hofmeister and Schiitz, declare to be the normal con 
tractions of the stomach. Their observations were made, however, 
when the organ was subjected to unnatural stimulation. In the ex 
cised stomach, observed by Hofmeister and Schiitz, not only were all 
nervous connections severed, but likewise all flow of blood to the 
organ was entirely stopped, and the cutting off of the blood supply is 


revarde ad as one of the most powerful predisposing causes of peristal- 


1) 
4 


movements of 


thus mixing them and _ the 


Beaumont and Brinton, have 


mixing. Beaumont, after notin 


him to indicate the gastric motio 


lation of the food as follows : 


The Movements of the Stomach. : 
tic action.! The thermometer-tube used by B t tant 
to the stomach, as he himself admit “Tf the bulb of 1 
ct he rit b suffered t b «a nt \ 
tremityv, and retained there for a wort time, or if t t 
be repeated too frequently, it cau t t 
like cramp, or spasm, which ceases o1 
leaves a sen of soren and tendern it tl tot 
Moritz aiso noticed that a rubber 1 ints nt ‘ 
tomach proved to be a source of irritation It 
to suppose, therefore, that these observer lid not t n 
movements, but the actions resulting from abnort ritation 

VI. THE EFFE THE 
ON THE | | 

In my first observations on the active stomach f 

stomach-wall was to b een in front of the passin but 

food did not immediately appear in th ntestin ft 
pylorus relaxed, the istric contents did not diminish rap . 
to allow tl upposition that all of the food lf l byt 
waves was immediately forced through the pylor t ' 
that a part, at least, of the food under pr 7 is f ( ) { 
wards the cardia through the constriction-rin I nferen 
stated in the preliminary notice of my work.? Roux and Batha 
also obse1 d the Passact of the undulations o r th pv] 1 | t 
but state merely that the function of the constriction the p 
sion of food into the intestine, without mamntionin hat must b 
regarded as a very important function, mammely, the mixit fect of 
the waves. 

Most writers have agreed that the result of the active and p 
ms the stomach is to force the contents hitl unl thit 
vastric juice together. ob 
Mee: attempted to explain the mant of 4 
Phe bolus as it centers t { 

MEAS \ study of the testinal contraction Jo I] 

\UMONT Pp. 105 

CANNON: Science, June 11. 1897 


376 W. B. Cannon. 


to the left; passes the aperture; descends into the splenic extremity 

and follows the great curvature towards the pyloric end. It then 
returns, in the course of the small curvature, makes its appearanc« 
again at the aperture, in its descent into the great curvature, to 
perform similar revolutions.” ! Brinton * bases his theory of the cir- 
culation of the food on an analogy between the movement of a con- 


striction over the stomach, and the passage of a septum with a central 


perforation along the interior of a cylinder full of liquid. The result 
in both cases, he declares, must be a peripheral current of advance, 
and a central current of return. Thus in the stomach there would bx 
peripheral currents from the cardia along the walls of the stomach 


to the pylorus, where they would unite and run as an axial current 
back to the cardia 

Certain @ prior? objections may be urged against each of these con 
clusions. In the first place, Beaumont’s observations were made on 


gastric fistula, and the adhesions between thi 


a subject having a 
stomach and the abdominal wall would prevent the fundus from 
acting quite normally in relation to its contents. Beaumont’s con 
usions, furthermore, are based on the movements of a thermomete! 

tube introduced through the fistula, and on the recognition of particles 
of food which he had seen before as they passed the fistulous open- 
ine: the first method, as has been shown, made the conditions in thi 
stomach more abnormal than they were previously; the second gayi 
uncertain knowledge of the course of the food when out of the ob- 
server's sight. Brinton’s hypothesis states the probable movements 
of fluid contents acted on by a passing constriction. But it may b 
objected that the conditions assumed by him do not exist in all parts 
of the stomach. For, not only is there no peristalsis visible in the 
fundus, but with the usual food the fundus contents are not li 
Moreover, the constrictions at the beginning of the pyloric portion 
are very slight, and move slowly. The food in front of them is, a 

cordingly, not under much greater pressure than the food behind 
them. The axial current which might result, therefore, could not b 

strong enough to go far into the cardiac portion. 

It is easily possible to test experimentally the validity of these two 
theories by watching the action of pieces of food which throw a 
black shadow in a dimly-outlined stomach. For this purpose littl 
paste pellets of bismuth subnitrate, with starch enough to keep the 
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have all been seen in the antrum after the stomach was otherwis« 


empty. Here y remain to be softened in time by the juices or to 
be forced through the pylorus later, for solids do pass into the intes 
tine. Chus when the teetl neclect their work the stomach att mpts 
to perform their function; the relative inefficiency of the gastri 
method of grinding and its interference with the normal gastric act 
ities point an obvious hygienic moral. 

During the process of digestion the food in the cardiac portion 


Ives no sign of currents. Balls which lie in the fundus immediately 


atter the food is ingested, keep their relative positions until the cardi 


portion begins to contract, and then move very slowly to 

antrum. Moreover, the food in the fundus of a cat has 

mushy appearance when examined after gastric peristalsis had been 
active for an hour and a half that it had when ingested. The contents 
of the antrum, on the other hand, look quite different and have the 
consistency of thick soup. The inactivity of the food in the fundus 
can also be proved by feeding first five grams of bread and bismuth, 
then five grams without bismuth, and finally five grams again with 
bismuth in it. The stomach contents are thus arranged in 

layers along the curvatures, with a light layer between 

made on tissue paper show that ten minutes after peristalsis com- 
menced, the stratification had entirely disappeared in the pyloric 
part, but that an hour and twenty minutes thereafter the layers were 
still clearly visible in the cardiac re oion, 

The value of the circulation of the food, as described by Beaumont 
and Brinton, lay in the supposition that the contents of the stomach 
were thus brought near to the secreting gastric wall, and that the 
gastric juice could thus more readily exert its action. Although my 
observations do not support their theories of mixing currents running 
throughout the stomach, they still show that the pyloric portion 1s an 
admirable device for bringing all of the food under the influence of the 
elandular secretions of that region. For, when a constriction occurs, 
the secreting surface enclosed by the ring is brought close around the 
food lying within the ring in the axis of the stomach. As this con 
striction passes on, fresh areas of glandular tissue are continuously 
pressed in around the narrow orifice. And also, as the constriction 
passes on, a thin stream of gastric contents is continuously forced 
back through the orifice and thus past the mouths of the glands. 
The result of this ingenious mechanism is that every part of the 


secreting surface of the pyloric portion is brought near to every bit 
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l‘'rom all these observations the conclusion must be that the fundu 
icts as a reservoir for the food, in which the digestion of sugars and 
starches may take place; and that the pyloric portion with its simpl 
but marvellous peristaltic mechanism, by a single process, triturat 
the food, brings it near to the active glands, stirs it thoroug 


their secretions, and expels the products into the intestines 


VII. Tutt INHIBITION OF STOMACH MOVEMENTS DURING 
LE MOTION. 


early in the research a marked unlikeness was noticed in the action 
of the stomachs of male and female cats. The peristalsis seen with 
only a few exceptions in female cats failed to appear in most of the 
males, although both had received exactly the same treatment. Along 
with this ditterence was a very striking difference in behavior when 
bound to the holder; the females would lic quiet, mewing occasionally, 
but purring as soon as they were gently stroked. The males, on the 
contrary, would fly into a violent rage, struggle to be loose from theit 
fastenings, bite at everything near their heads, cry loudly, and resist 
all attempts to quict them. On account of this difference only female 
cats were used for some time; and the significance at first attributed 
to the action of the males, was almost forgotten when the following 
incident recalled it, and suggested that the excitement caused the sus 
pension of the stomach movements. On October 23, 1897,a male cat 
was fed at 12.00, but was not placed on the holder till ninety 
minutes later. The waves were passing at the rate of six a minute. 
The cat fell into a rage and the waves suddenly stopped. 

A few days later an observation on a female with kittens explained 
the absence of gastric movements in the males. While the peristaltic 
undulations were coursing regularly over the cat's stomach, she sud 
denly changed from her peaceful sleepiness. began to breathe quickly 
and struggled to get loose. As soon as the change took place, the 
movements in the stomach entirely disappeared; the pyloric portion 
relaxed and presented a smooth rounded outline. I continued observ 
ing, and stroked the cat reassuringly. In a moment she became quict 
and began to purr. As soon as this happened the movements com- 
menced again in the stomach; first a few constrictions were visibl 
near the end of the antrum, then a few near the sharp bend in the 


lesser curvature, and finally the waves were running normally from 


their habitual starting place. By holding the cat’s mouth closed be- 


tween the thumb and last three fingers and covering her nostrils with 
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sphincter to open less frequently than normally, thus materially inter- 


fering with the passage of the already liquefied food. 

7. Solid food remains in the antrum to be rubbed by the constric- 
tions until triturated, or to be softened by the gastric juice, or later it 
may be forced into the intestine in the solid state. 

8. The constriction-waves have, therefore, three functions: the 
mixing, trituration, and expulsion of the food. 

yg. At the beginning of vomiting the gastric cavity is separated into 
two parts by a constriction at the entrance to the antrum; the cardia 
portion is relaxed and the spasmodic contractions of the abdominal 
muscles force the food through the opened cardia into the cesophagus. 

10. The stomach movements are inhibited whenever the cat shows 


signs of anxiety, rage, or distress. 
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Recording of blood-pressure. The blood-pressure was measured by 
means of a cannula inserted into the proximal stump of one of thi 
carotid arteries. As the arteries of the guinea-pig are very small and 
the tissues very delicate, the insertion of a cannula into one of the 
carotids frequently offers difficulties. The following method was 
found to be of great assistance in performing this operation \fter 
the artery had been dissected from the sheath it was clamped and 
divided and a fine silk thread was tied to the proximal stump just 
above the point at which the opening in the artery for the cannula 
was to be made. The artery was then lifted from the wound and 
slightly stretched, and the thread attached to the artery was held in 
the operator’s teeth, a procedure which left one hand free for the 
use of the forceps and the other to hold the cannula. Moreover, 
taking the thread in the teeth seems to inhibit the ordinary reflexes 
of the operator’s body and thus he is better enabled to work with a 
steady hand. The blood-pressure was recorded by a mercurial ma- 
nometer on the smoked paper of a drum-kymograpn, the fineness of 
the tracing usually obtained being too great for the use of ink to be 
satisfactory. For excitation of the nerves the faradic current 
ordinary du Bois-Reymond induction coil was used; the current 
the primary coil was obtained from an electric-light dynamo, and was 
maintained at a little less than one ampere, by throwing in the neces 
sary amount of resistance. The interruption of the primary current 
was by Neef’s electro-magnetic hammer. Small shiclded electrodes 
of platinum were used. 

Normal blood-pressure. The average mean blood-pressure (corrected 
for the weight of the solution of sodium carbonate) as determined 
upon guinea-pigs anesthetized by one or more of the above-men 
tioned drugs, was 75 millimetres of mercury; the highest blood-pres 
sure observed was 111 mm., the lowest, 56 mm. The average rate of 
the heart-beat was 200 per minute, the fastest and slowest rates ob- 
served being 288 and 132 respectively. The average number of 
respirations per minute of animals quiet in their cage (the tempera- 


ture of the room being 20 C.) was 72 per minute. 


I]. THE VAGUS NERVE. 


The vagi were investigated after exposure in the neck, where they 


occupy about the same anatomical position in the guinea-pig 


other mammals. 
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pressure were gradual; the fall of pressure was not very great in 
proportion to the normal blood-pressure, which as a rule was consider- 
ably higher during the first than during the second period. The 
return of the blood pressure and the heart-rate to the normal, after the 
cessation of stimulation, was gradual and fairly regular, and inhibition 
was followed by comparatively little irregularity of heart-rate or of 
blood-pressure. On the other hand, during the second period the 
stopping of the heart and the fall of blood-pressure were sudden, the 
descent in the curve being sometimes almost vertical (see Fig. 2). 
The blood-pressure was very irregular after the cessation of stimula 
tion, sometimes failing to return to the ordinary height, while more 
frequently it rose far above it and then gradually returned to it or fell 
below it. 
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experienced in his own person a certain diminution of vitality during 
the spring months. It is a well-known fact that persons suffering 
from chronic diseases are much more liable to die during March and 
April than during other months of the year; and eminent surgeons 
state that major operations are more liable to be followed by death 
during those months than at other seasons. There would seem, how 
ever, to be some slight evidence in favor of the view that diminution 
of fresh air and light during the winter months is partially responsible 
for this lack of vitality in the guinea-pigs, from the fact that, of the 
last lot of the guinea-pigs used, a few, which had been placed in the 
sunlight in a specially well ventilated room for two weeks, showed 
greater vitality than those of the same lot kept elsewhere, although 
much less vitality than those subjected to experiment from October to 
January. Hygienic influences alone, however, do not suffice to ex- 
plain the differences of vitality observed. 

It seems clear from what has been said that, in the guinea-pig at 
least, the efficiency of the stimulation of the inhibitory nerves of the 
heart ts inversely proportional to the degree of vitality possessed by 
the animal. Ina measure this agrees with the opinion expressed by 
Hough,' who states that in his experiments upon cats, when the heart 
from any cause has been weakened and the pulse has become feeble, 
stimulation of the vagi has been much more effective than when thx 
heart was vigorous; the slowing of the heart and the fall of blood- 
pressure being much more pronounced. I did not find, however, 
that in the guinea-pig when the heart had been weakened from pro 
found anesthesia, from shock, or from loss of blood, stimulation of 
the vagi was more efficient, for in no case during the earlier period, 
from October to January, no matter what was the condition of the 
animal, did stimulation of the vagi stop the heart. Hough states that 
in the cat the heart can rarely be brought to acomplete standstill, not 
oftener, I think, than once in twenty cases. I do not know at what 
season of the year his experiments were made, or in what conditions 
the animals upon which he operated were kept, but in two of three 
experiments upon cats which I made in April the heart was brought 
to a standstill and maintained at a standstill for periods of half a 
minute when the vagus was stimulated with a faradic current of 
moderate strength. 

After-cffects of stimulation of one vagus. After the cessation of a 
stimulation of the vagus during which the heart had been slowed or 
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Lexperiment Guinea-pig; weight 550 grams; corrected mean blood- 
pressure 69 mm. of mercury; normal heart-rate 32 (all of the rates given 
are tor periods of 1O seconds) ; peripheral end of right vagus stimulated 


while the secondary coil was at 15 cm. Rates during stimulation: 64, 9, 15, 


riment If, Guinea-pig ; weight 637 grams; corrected mean blood- 
pressure 84 mm.; normal heart-rate 38; peripheral end of right vagus 
stimulated, secondary coil at 10 cm. Rates during stimulation: 3, 17, 15, 
» 31. 35- The heart failed suddenly after the rate had increased to 35 


1 the blood-pressure had nearly reached the normal. 


Effect of shunting the current from one vagus nerve to the other. Nt 
is an interesting question whether there be a single inhibitory mechan- 
ism in the heart or one for each vagus nerve. It is believed by many ! 
that the same intracardiac apparatus serves for both nerves, — that 
after the heart of a mammal has begun to escape from inhibition pro- 
duced by stimulation of one nerve, shunting the current into the other 
nerve does not cause a second standstill. I have found the contrary 
to be true in the guinea-pig, and have repeatedly caused a second 
standstill by suddenly shunting the current into the second nerve after 
escape had commenced from the inhibition caused by continued stim- 
ulation of the first nerve. This was tried, however, only in the spring 
months, when the cardiac-inhibitory mechanism was perhaps 
usually irritable. 

The following case has several features of interest : — 


February 22,1897. Guinea-pig; weight 510 grams. Chloral and mor 


phine. Corrected mean blood-pressure 83 mm. ; pulse-rate 37 in ro seconds. 
Both vagi cut. Secondary coil at 12cm. Stimulation of peripheral end of left 
vagus ; heart stopped 1o seconds and blood-pressure fell to 26 mm. ; heart’s 
rate increased to 5 beats in 10 seconds and blood-pressure rose to 53 mm. ; 
current shunted to right nerve ; heart stopped 11 seconds and blood-pressure 
again fell to about 26 mm. The heart then rapidly increased in rate (the 


stimulation still continuing), gave a few irregular beats, and suddenly increased 


to 55 beats in 10 seconds, while the rate before stimulation had been only 


37. Following a short period (12 seconds) of frequent beating, there ox 

curred a period of infrequent irregular pulsations alternating with frequent 
beats. This state of things was allowed to continue for half a minute, when 
the current was shunted back into the left nerve ; the heart was again stopped 


for four seconds. ‘The heart’s rate suddenly increased to 42 in to seconds, 


1 HUrFLer, E.: Die abgestufte Reizung des Herzvagus. Archiv fur Physi 
ologie, 1889, p. 295. HouGH, of. cif., p. 198. 
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Stimulation of the central end of this nerve gives results very sim- 
ilar to those observed when the depressor of the rabbit or of the 
opossum is stimulated, namely, a fall of blood-pressure (Fig. 4) and 
moderate slowing of the heart's rate if the vagi are intact. 

A number of attempts were made to stimulate the various branches 
of the stellate ganglion to determine whether they contained cardia 
accelerator nerves, but as this work was deferred until the spring, it 
was found that the animals did not possess sufficient vitality to permit 


the necessary dissection and prolonged experiment. 


In conclusion I desire to express my indebtedness for valuable 
assistance and suggestions to Professor Frederic S. Lee and to Dr. 


Reid Hunt. 
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1 above experiment we came to the conclusion 
that the excess of sugar was removed in the dog more gradually than 
in the rabbit, and we decided to continue the constant influence of 
phlorhizin over a considerable period of time, with a view to the ulti 
mate establishment of a ratio D: N::2.8: 1. In this and in all the 
following experiments the dogs fasted two and a half to three days 
before the first administration of phlorhizin. In the following ex 
periment, on the fifth day of diabetes and the seventh of fasting, the 

as so weak that it could not stand up and so 100 grams of 
ree from fat was given thereafter every eight hours 

e's condition greatly improved, and remained satisfactory until 

arly the end of the experiment. On the last day it was 
weak as the day before we began to feed meat. 

Phlorhizin warmed in a 1.2 per cent solution of sodium carbonate 
Was injected subcutaneously every cight hours. [See Table, Dog I1.] 

It will be seen that the ratio 2.8: 1 was not to be obtained on th 
eleventh day of phlorhizin diabetes in dogs, but that the ratio r 
il | 


mained constantly higher. The same drug together with analytical 
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1, and on the third day 2.69: 1, ratios which 
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may erived from 6.25 grams of proteid, or approximately 60 pet 
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on the fifth day of fasting and the second of diabetes the ni 
the urine amounted to 18.76 grams, an increase of 450 P Cent. 
Another experiment shows an increase of 540 per cent and two more 
an increase of 340 per cent each. A parallel to this rise 
metabolism 1 ' be found in the literature of | 
poisoning, and indeed t cause of the high metabolis 
the non-burning of carbohydrates, would seem to b 
in the two cases ase of diabetes the sug 
and its well-known sparing influence over proteid meti 
eliminated.' The explanation of the similar metabolism 
phorus poisoning which seems most plausible to us is 
protel INste. being burned is converted qu. 
the resulting high proteid metabolism no 
ation. Experimental evidence upon this part of 
now obtained 

It will be noted above that there is no difference in 
cretion whether 2.5 grams or 5 grams of phlorhizin be 
every eight hours. 
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Dextros On the first day of dextrose feeding, 20.82 grams 


extra sugar was present in the urine, following an ingestion of 23 
grams of dextrose. The experiment was) however inconclusive, 
since the fasting ratio between dextrose and nitrogen had not been 
obtained Phe day before the second feeding of dextrose, the ri 
between dextrose and nitrogen was 3.89:1; on the sug: 
5-66:1; and on the following day 3.94:1. The extra sugai 

Was 22.49 grams following an ingestion of 24 grams of dextrose. 
third experiment is taken from the unpublished work of Messrs 
lS. McDermott and W. E. Ray done in this laboratory 


below. 


Here we have on the sugar day a ratio of 4.70:1 and an excre 
tion of g.82 grams of extra sugar following upon 
11.76 grams. 

We can conclude from our experiments that the dextrose fed is 
very nearly quantitatively climinated. These experiments prove 
also that, within these limits at least, very little loss takes 
through fermentation. 

After feeding 24.05 grams of levulose, 15.31 


extra sugar appeared in the urine. The extra sugar could not be 


destroyed by heating the urine for several hours at 100 with 8 pet 
cent hydrochloric acid. It therefore was not levulose. he reading 
in the saccharimeter was lower than it should be. ‘Two causes might 


have contributed to this: first, the levo-rotary substances of phlo 


rhizin urines discovered by Cremer;! second, personal error, it being 


the first time this particular saccharimeter was used, and the solution 


being so weak that a difference of 0.2 per cent would account for thi 


discrepancy between 63.27 grams and 5 


7 55 grams 


/ 


CrEMER: Zeitschrift fur Biologie, xxxvi, 


DOG IN Weight 10 kg 1 gram Phlorhizin every S : 
extra su 
Date Dextrose Nitroge1 D:N | 
va 
Nov. 1S, 1897 36.72 9.63 3.1 
19 744 70) 
150 grams meat + 11.70 
() S40 10.29 $70 YS? 
i grams cext 
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amount ' 0.37 per cent 


MINKOV\V 


Phil vhizin Di Weles YS. JO! 
On the second feeding of 24.02 grams of le\ { 
extra sugar appeared in the urine, and here the tota 
Allihn’s method and by polarization were respect 
49.4 grams \fter ingestion of n th t 
known partial conversion into dextrose, , in 
is quantitatively climinated It uly rema t 1 
vulose does not atfect the protcid metab ! 
may be burned by thi lear-Nunery t 
suum it is absorbed, and therefore its inthuen n metab 
not widespread, but limited to certain calit \I 
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in the liver In virtue of the small amounts of | 
experiments, it ms improbable that it « ! reach th bet 
istion, and we would iscest that p t { { 
MB: villus likewise may have the power for this conver 
Galactose. Results similar to those obtained after fee 
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fact mgmt the specific rotation of th ndicat 
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changes ratio betw n ph phat t { 
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under the influence of morphine, which prevents loss of glycogen 
fre struggling, 
More frequent administration of phlorhizin, 7. ¢., once every thre 
instead of once every six hours, does not change the ratio D: N in 
the urine. 
Sugar production from Meat and Gelatine.—-\WWe have seen that 
feeding meat in small quantities during the day does not change the 


ratio D: N. Experiments were now tried with larger amounts of 


meat and with gelatine to seek for the ratio under these circum- 


stances. On the days of meat feeding the urine was analyzed in 
fractions of equal periods, as will be described later. The general 
results for twenty-four hours urine are given below, two dogs having 


been experimented upon. 


DOG 


500 grams meat 


OU grams 


500 grams meat 


Before entering into the detailed discussion of the CX riments, a 
few brief remarks on the theory of the method of proteid destruction 
within the organism would seem to be necessary. The well known 
theory of Voit! maintains that there is a preliminary cleavage of the 


1 Vorr: Hermann’s Handbuch d *hvsiologie, vi, 1, p. 295 


| | yram Phlorhizin every S hours after Feb. 22 
Amount \\ 
Dat f urine Dextrose Nitrogen ID: N Food 
in kg 
be 1898 7¢ 12.8 2.49 
x93 OSS 5.S4 
335 $7.47 13.49 3.52 
5, 625 17.73 14.0] 5.41 
1013 74.95 21.11 3.55 
576 $2.32 11.53 3.67 
Mat 1. ISOS 54.70 
790 63.99 1S.39 3.42 
\ TSOS 
G4 TY 6.93 1.68 $12 
ney 
Average for last « t LVS D:N 3.63:1. 
Rise in N excretion iring starvation 560 
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and that the non-nitrogenous radicle which contains the major part 
of the potential energy of the molecule may in part be temporarily 
stored cither as glycogen or as fat, and be fed to the tissucs more 
evenly during the course of the twenty-four hours as need requires. 
Now the indications are that phlorhizin acts quickly, removing sugar 
from the organism as soon as it is produced. If Voit's non-nitrog- 
enous portion of the proteid consist of dextrose and the idea of its 
quick cleavage from proteid be true, then on feeding meat to a phlo- 
rhizin dog more sugar should appear in the urine of the first hours 
after feeding than corresponds to the nitrogen eliminated 

Che results of one experiment after feeding 500 grams of meat to 
a fasting diabetic dog, and collecting the urine first in two periods of 
three hours each, and then in one of six hours, are given below. The 
urine was, of course, obtained through a catheter and the bladder 
was carefully washed with water. The meat was eaten within one 
minute, 


DOG V.— Urine 
Dextrose Nitrogen 


(estimated) 


Following 3 hours (estimated) 


We start here with the estimated decomposition during three hours 


of fasting. During three hours after feeding meat the ratio in the 
urine equals D:N:: 4.92: 1, and in a subsequent period of three 
hours the ratio reads 3.91: 1, whereas during the next six hours it 
sinks to 2.92: 1. This however is followed by a period in which the 
original fasting quantity of dextrose and nitrogen with the original 
ratio are approximately attained. If we take the whole period of 
twelve hours when meat was fed and compare it with the foregoing 
and following periods of like duration we discover the following 


relations : — 


I: N 
7 3.4] 
5.96 1.7 
10? 
rece | 
| | 
| 14.70 3.76 
Ist 3 | 
al ou 
) 
| ae 3.56 
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Since the meat period of twel hours was. foll b 
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it follows that the meat was absorbed and burned almost t 
within the first twelve hou ifter feedin \nd this ta 
that in the aggregate the ratios D:N in all three p t ; 
sam 
Che sugar of eaten proteid therefore entirely minat 
rhizin diabetes, but it mav be eliminated before the niti 
to it Hlence it 1 pl ybably one of the more 1mm 
molecule in metabolism 
bossible at the present writing to stat heth { 
1 of the ibove period of th h rep t t 
sugar formed within the three hou ind imn 
ES oor whether the ir excretion represents the 1 
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after convulsions (which brought about a conversion of glycogen into 
) this sugar being eliminated not immediately within the first 
hour, but gradually during six hours.! 
The following results have been obtained from the urines of meat- 
fed dogs after dividing the urine into separate portions corresponding 
to two hours each. Dog V received 500 grams of meat, Dog VI 


grams at one meal. 


¢ 2 hours (estimated) 


1utes Was 


through admixtu 


The curve of nitrogen excretion is not essentially different from 
that obtained by Feder in normal fasting dogs after feeding meat 
In ‘ first two hours in both of the above experiments we find 
a large quantity of sugar in the urine showing the high ratios 
7.49: 1 and 4.82: 1. The complete excretion of the sugar, however, 


extends over some little time, which is probably due to deficient 


power of the kidney to remove the sugar, as has been explained 


Zeitschrift fiir Biologie, 1898, xxxvi, p. 82. Dextrose fed to 


ss is burned in phlorhizin diabetes. The protec ting power 


Whether a similar power to burn carbohydrates when fed in excess 


1s is at present unknown to us 


1 total phlorhizin diabetes in d 


570 
/ 
Dog 1) VI 
Urine of March 2 Urine of Fe 12 
1) N ID: N I) N Ip: N 
Prece 2.85 0.77 3.71 1.22 3.42 
Ist 2 irs 5.82 0.78 7.49 1.92 
? irs OS6 1.69 11.04 297 72 
urs 7.39 2.29 31S $69 1.S2 2.58 
2 6.77 2.60 260 7-44 8.57 
Sth 2 hours 7.03 2.28 3.08 11.37 3.5 17 
Oth 2 6.72 7-44 3.1] 
| wing 2 hours (estimated) 3.89 0.98 3.95 5.72 1.60 3.25 
| rine of the firsttn i = ded outside the cage and lost 
\ part of the urine was lost ire with faces. 
} 
ADOVE 
n large is ther 
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t ises of phlorhizin diabetes in d t 
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ould indicate complete absence f putrefact f { 
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Exceptional Cases. — ha rem lin t 
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Phe do veighed 8.5 ke., and like tl former d 
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teid should behave differently from the other fraction, remains a my 


tery. This peculiarity seems to bring added proof of th 
partially renal character of phlorhizin diabetes noted by 
Phierhizin diabetes cannot be wholly renal in character, 


unknown influence must protect sugar from combustion 


DOG VIL—]1 


maintat 
been po 
mav be mention 
French gelatine ontaining 
ase 60 grams (8.52 grams N) 
eclatine was stirr into hot wi and on cooling 
fragments and moistened with water containing o. 
extract (== 0.05 0.03 grams N) 
the first experiment the day commenced at 
about one quarter of the gelatine was eaten, 
and the remainder at 4.55 P.M In the second experiment thi 
Was caten at one time immediately at the commencement of the 
day 
Both of these experiments show an increased climination of 
and nitrogen after feeding gelati In the first experiment t 
ID: N fell from 3.86 in fasting 30 on the gelatine day 
1¢ following fasting da Ph sults in the second 
are more convincing becat 
wo fasting periods, and it 


at least 
Zuntz 
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EE cram Phiorhizin every eight hours after Dec. 109 
Dext Nitroget 
1) LY, 
1. | re 
l6 15.64 5 ) 
Gelatine. — It has already been shown in work on the rabbit? that 
both nitrogen and sugar rise in the urine after feeding gelatine, and 
1 hiv fir Phvsiologie. p. 37 
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It will further be remem 


yroteid in plants, 


taining taurin are theoretically possible. 


bered that modern theory regarding the synthesis of ] 


supposes the formation of proteid from sugar through. union 
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N It is also impossible to ignore the fact that the 
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} 
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SUMMARY. 

|. Frequent subcoM® injections of phlorhizin in fasting dogs 
establish ultimately sig in the urine of Dextrose: Nitr } 
.75: 1, which indicates a production of 60 grams of dextrose from ' 
100 grams of proteid. Taking ation, 
the re accu 
ratel 

> above that in simp! 
fast er cent. 

juantitatively eliminated 
Levulose and ¢galact™oZZzZzm_|;}iminated as such, but only in so fat 
as they 
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